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PREFACE 


The  information  in  this  report  on  subsurface  water  resources  of  the  lime- 
stone rocks  in  north-central  Lancaster  County  will  benefit  all  water  con- 
sumers in  that  rapidly  developing  area  of  southeastern  Pennsylvania.  The 
large  population  growth  and  rapid  commercial  and  industrial  expansion 
occurring  in  the  area  must  be  supported  by  a comparable  increase  in  water 
supplies.  Subsurface  w^ater  must  provide  a large  part  of  these  additional 
supplies. 

The  water-yielding  capacities  of  the  rocks  in  this  area  differ  widely  from 
place  to  place;  yields  of  more  than  500  gallons  per  minute  are  obtained  from 
favorably  located  wells.  The  ground  water  occurs  in  fractures  and  other 
openings.  Many  of  the  openings  have  been  enlarged  by  the  solvent  action  of 
water  on  limestone.  Analysis  of  the  yielding  capacities  of  about  250  wells 
indicates  that  the  best  yields  are  obtained  from  wells  in  valleys,  while  the 
poorest  yields  are  obtained  from  wells  on  hills.  The  water  is  usually  very 
hard  but  generally  is  of  good  quality,  except  for  improperly  located  wells 
that  obtain  water  contaminated  by  nearby  cesspools  or  barnyard  wastes. 

The  information  in  this  report  should  assist  planners  and  water  author- 
ities in  their  efforts  to  efficiently  develop  the  available  water  resources.  Water 
well  drillers  will  also  benefit  from  the  report  through  guidance  in  selecting 
favorable  well  sites,  determining  maximum  drilling  depths,  predicting  most 
probable  yields,  and  anticipating  water  quality. 


CONTENTS 


Page 

Abstract 1 

Introduction 3 

Location  and  geographic  setting 4 

Methods  of  investigation 5 

Previous  investigations 5 

Acknowledgments . . . 5 

Well-numbering  system 6 

Climate 7 

Geology 8 

Regional  setting 8 

Local  setting 8 

Stratigraphy 9 

Cambrian  System 14 

Vintage  Formation 14 

Kinzers  Formation 14 

Ledger  Formation 16 

Zooks  Corner  Formation 17 

Conococheague  Group 18 

Buffalo  Springs  Formation 20 

Snitz  Creek  Formation 20 

Millbach  Formation 21 

Richland  Formation 22 

Ordovician  System 22 

Beekmantown  Group 22 

Stonehenge  Formation 23 

Epler  Formation 24 

Pre-Cocalico  unconformity 24 

Ontelaunee  Formation 25 

Annville  Formation 26 

Myerstown  Formation 26 

Conestoga  Formation 27 

Structure 27 

Zone  of  recumbent  folding 30 

Zone  of  uplift  and  variable  folding 33 

Zone  of  dominantly  steep  isoclinal  folding 34 

Structural  history 34 

Geomorphology 36 

Hydrology 38 

Principles 38 

Water  bearing  properties  of  the  carbonate  rocks 39 

Vintage  Formation 42 


V 


Page 

Kinzers  Formation 42 

Ledger  Formation 42 

Zooks  Corner  Formation 42 

Buffalo  Springs  and  Snitz  Creek  Formations 45 

Millbach  Formation 45 

Richland  Formation 45 

Stonehenge  Formation 45 

Epler  Formation 47 

Ontelaunee,  Annville,  and  Myerstown  Formations 47 

Conestoga  Formation 47 

Relation  of  specific  capacity  to  lithology 49 

Relation  of  specific  capacity  to  topography 52 

Relation  of  specific  capacity  to  structure 53 

Relation  of  specific  capacity  to  depth  of  wells 53 

Ground  water  contribution  to  streamflow 55 

Specific  yield  in  the  Little  Conestoga  Creek  basin 55 

Water-level  fluctuations 56 

Ground-water  use 58 

Quality  of  water 60 

Chemical  contamination 61 

Relation  of  constituents  to  dissolved  solids 63 

Hydrogeologic  significance  of  calcium-magnesium  ratios 66 

Conclusions 70 

References 72 

Appendix 73 

Measured  Reference  Sections 73 

Section  no.  1,  Vintage  Formation 73 

Section  no.  2,  Ledger  Formation 74 

Section  no.  3,  Buffalo  Springs  and  Zooks  Corner  Formations.  ...  76 

Section  no.  4,  Buffalo  Springs  Formation 90 

Section  no.  5,  Epler  Formation 102 

Section  no.  6,  Epler  Formation 105 

Section  no.  7,  Ontelaunee  Formation 119 

Section  no.  8,  Annville  Formation 120 

Section  no.  9,  Myerstown  Formation 121 

ILLUSTRATIONS 

FIGURES 

Figure  1 . Map  of  southeastern  Pennsylvania  showing  the  physio- 
graphic provinces  and  the  location  of  the  Lancaster 
quadrangle 4 


VI 


Page 

Figure  2.  Diagram  showing  the  well-numbering  system 6 

3.  Sketch  map  showing  the  three  stratigraphic  belts  in  the 

Lancaster  quadrangle 9 

4.  Sketch  map  showing  three  structural  zones  in  the  Lan- 
caster Quadrangle 28 

5.  Map  showing  generalized  cleavage  and  areas  of  over- 

turned beds  in  the  Lancaster  15-minute  quadrangle, 
Lancaster  County,  southeastern  Pennsylvania 29 

6.  Map  showing  the  location  of  major  structural  features  in 

the  Lancaster  15-minute  quadrangle,  Lancaster  County, 
southeastern  Pennsylvania 31 

7.  Graph  showing  frequency  distribution  of  orientation  of 

stream  channel  segments  in  the  area  south  of  the  quart- 
zite ridges 37 

8.  Graph  showing  the  cumulative  frequency  distribution  of 

specific  capacities  of  247  wells  penetrating  the  carbonate 
rocks 41 

9.  Graph  showing  the  cumulative  frequency  distribution 

of  specific  capacities  of  wells  penetrating  the  Vintage  and 
Kinzers  Formations 43 

10.  Graph  showing  the  cumulative  frequency  distribution  of 

specific  capacities  of  wells  penetrating  the  Ledger,  Zooks 
Corner,  Buffalo  Springs  and  Snitz  Creek  Formations.  ...  44 

11.  Graph  showing  the  cumulative  frequency  distribution  of 

specific  capacities  of  wells  penetrating  the  Millbach,  Rich- 
land and  Stonehenge  Formations 46 

12.  Graph  showing  the  cumulative  frequency  distribution  of 

specific  capacities  of  wells  penetrating  the  Epler  and 
Conestoga  Formations 48 

13.  Graph  showing  the  cumulative  frequency  distribution  of 
specific  capacities  for  stratigraphic  units  grouped  accord- 
ing to  their  relative  amounts  of  non-carbonate  clay,  silt 

and  sand 50 

14.  Graph  showing  the  cumulative  frequency  distribution  of 

specific  capacities  of  wells  grouped  according  to  topo- 
graphic position 51 

15.  Graph  showing  the  cumulative  frequency  distribution  of 

specific  capacities  of  wells  grouped  according  to  depth ...  54 

16.  Hydrographs  of  wells  004-620-7  and  005-623-2  and  pre- 
cipitation at  Lancaster 57 

17.  Hydrograph  of  well  005-623-2  and  precipitation  at 

Landisville,  Pa 59 

vii 


Page 


Figure  18.  Graph  showing  relation  of  calcium  content  to  dissolved- 

solids  content 62 

19.  Graph  showing  relation  of  magnesium  content  to  dis- 

solved-solids  content 63 

20.  Graph  showing  relation  of  sodium  content  to  dissolved- 

solids  content 64 

21.  Graph  showing  relation  of  bicarbonate  content  to  dis- 

solved-solids  content 65 

22.  Graph  showing  relation  of  percent  equivalents  per  million 

of  bicarbonate  to  dissolved-solids  content 66 

23.  Graph  showing  relation  of  specific  conductance  to  dis- 
solved-solids   67 

24.  Generalized  map  showing  specific  conductance  of  ground 

water  in  the  Carbonate  rocks  of  the  Lancaster  quad- 
rangle   68 

25.  Graph  showing  the  cumulative  frequency  distribution  of 

Calcium-Magnesium  ratios  in  ground  water  from  wells 
grouped  according  to  stratigraphic  unit 69 


PLATES 
{In  Box) 

Plate  1.  Geologic  and  hydrologic  map  of  the  Lancaster  15-minute 
quadrangle,  Pennsylvania 

2.  Geologic  sections  showing  stratigraphy  and  structure  of  the 
Lancaster  15-minute  quadrangle 


TABLES 

Table  1.  Generalized  section  of  the  carbonate  rocks  of  Cambrian  and 

Ordovician  age  in  the  Lancaster  quadrangle,  Pa 10 

2.  Stratigraphic  section  of  the  carbonate  rocks  of  the  Lancaster 

quadrangle  used  by  Jonas  and  Stose  (1930)  and  in  this 
report 12 

3.  Stratigraphic  units  present  in  the  Lititz,  Mount  Joy,  and 

Lancaster  belts  of  carbonate  rocks 13 

4.  Correlation  of  the  Conococheague  Group  in  the  Lancaster 

quadrangle  and  Lebanon  and  Berks  Counties,  Pa 18 

5.  Median  specific  capacity  of  wells  separated  by  stratigraphic 

unit  and  grouped  according  to  topographic  position 52 

6.  Median  specific  capacities  of  wells  separated  by  stratigraphic 

unit  and  grouped  according  to  well  depth 53 

7.  Summary  of  chemical  quality  of  ground  water 60 

viii 


Page 


Table  8.  Summary  of  formation  capability  to  supply  water  for  differ- 
ent use  catagories 

9.  Record  of  wells 

10.  Record  of  springs 

11.  Chemical  analyses  of  ground  water  in  the  Lancaster  quad- 
rangle  


71 

123 

146 

147 


IX 


I 


Hydrogeology  of  the  Carbonate  Rocks  of  the  Lancaster 
15-Minute  Quadrangle,  Southeastern  Pennsylvania 

by 

Harold  Meisler  and  Albert  E.  Becher 

ABSTRACT 

Limestone  and  dolomite  strata  of  Cambrian  and  Ordovician  age  under- 
lie the  lov/lands  of  the  Conestoga  Valley  in  southeastern  Pennsylvania. 
In  the  Lancaster  quadrangle,  where  the  Conestoga  Valley  attains  its  maxi- 
mum width,  the  carbonate  strata  are  divided  into  14  units  defined  pri- 
marily by  their  relative  proportions  of  limestone  and  dolomite.  Thirteen 
of  these  units  form  a continuous  stratigraphic  sequence.  These  are,  from 
oldest  to  youngest:  the  Vintage,  Kinzers,  Ledger,  and  Zooks  Corner 
Formations;  the  Conococheague  Group,  consisting  of  the  Buffalo  Springs, 
Snitz  Creek,  Millbach,  and  Richland  Formations;  the  Beekmantown  Group, 
consisting  of  the  Stonehenge,  Epier,  and  Ontelaunee  Formations;  and  the 
Annville  and  Myerstown  Formations.  The  lower  part  of  the  sequence, 
up  to  and  including  the  Zooks  Corner  Formation,  is  composed  predomi- 
nantly of  dolomite.  The  middle  part,  up  to  and  including  the  Richland 
Formation,  contains  about  equal  amounts  of  limestone  and  dolomite,  and 
the  upper  part  is  dominantly  limestone.  The  Conestoga  Formation  occurs 
in  only  the  southern  part  of  the  quadrangle  and  lies  unconformably  on  all 
units  older  than  the  Zooks  Corner  Formation. 

Continuous  or  recurring  deformation  from  Middle  Cambrian  to  Triassic 
time  has  produced  a complex  structural  pattern  in  the  carbonate  rocks. 
This  pattern  has  a northernmost  zone  dominated  by  nappe  structure  con- 
sisting of  recumbent  folds,  thrust  faults,  and  a gentle  south-dipping  axial- 
plane  cleavage;  a central  zone  of  variable  fold-geometry  and  intricate 
faulting;  and  a southernmost  zone  dominated  by  upright,  near-isoclinal 
folds  and  steeply  dipping  axial-plane  cleavage. 

The  relative  sequence  of  tectonic  events  is:  1.  epeirogenic  movements 
associated  with  early  Paleozoic  unconformities;  2.  major  deformation, 
producing  recumbent  folds;  3.  thrust  faulting  late  in  the  period  of  recum- 
bent folding  or  shortly  thereafter;  and  4.  major  deformation  related  to 
basement  adjustments — forming  steeply  dipping  isoclinal  folds,  open  folds, 
and  refolded  axial  planes  and  cleavage. 

Ground  water  occurs  in  bedding  and  cleavage  planes,  joints,  faults,  and 
other  fractures  and  openings  enlarged  by  solution  in  the  carbonate  rocks. 
The  density,  size,  and  extent  of  interconnection  of  the  openings  determine 
the  ability  of  the  rocks  to  transmit  and  store  water. 
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Of  the  247  weils  test  pumped  for  1-hour  in  the  Lancaster  quadrangle, 
25  percent  have  specific  capacities  greater  than  5.0  gpm  per  ft  (gallons  per 
minute  per  ft  of  drawdown) — the  minimum  considered  to  be  adequate 
for  public  supply  and  industrial  use;  58  percent  have  specific  capacities 
greater  than  0.5  gpm  per  ft — the  minimum  considered  to  be  adequate 
for  small  public  supply  use;  and  83  percent  have  specific  capacities  greater 
than  0.08  gpm  per  ft — the  minimum  considered  to  be  adequate  for  domes- 
tic use. 

The  capability  of  each  formation  to  supply  water  for  several  defined 
general-use  categories  is  evaluated  as  excellent,  very  good,  good,  fair,  or 
poor.  For  public  supply  and  industrial  use,  the  Stonehenge  Formation  is  a 
very  good  source  of  water  and  the  Vintage,  Kinzers,  Ledger,  Epier,  and 
Conestoga  Formations  are  fair  sources  of  water.  For  small  public  supplies 
and  some  industrial  uses,  the  Stonehenge  and  Ledger  Formations  are 
excellent  sources,  the  Kinzers  and  Conestoga  Formations  are  very  good 
sources,  and  the  Vintage  and  Epier  Formations  are  good  sources  of  water. 
All  formations  are  capable  of  supplying  water  for  domestic  use.  The 
Zooks  Corner  Formation  and  the  Conococheague  Group  have  the  lowest 
capability  for  supplying  water  in  all  use  categories. 

The  kind  of  carbonate  rock  and  the  amount  of  noncarbonate  clay,  silt, 
and  sand  present  are  important  controls  on  the  yield  capabilities  of  the 
carbonate  rocks.  The  median  specific  capacity  for  wells  in  limestone  units 
is  2.6  compared  to  medians  of  0.91  for  dolomite  units,  and  0.33  for  inter- 
bedded  limestone  and  dolomite.  Wells  in  units  having  a relatively  low 
noncarbonate  clay,  silt,  and  sand  content  have  a median  specific  capacity 
of  1.5  compared  to  0.22  for  wells  in  units  having  a relatively  high  non- 
carbonate content. 

Valleys  are  the  most  favorable  and  ridges  the  least  favorable  topo- 
graphic positions  for  drilling  wells.  Median  specific  capacities  of  wells  in 
each  of  three  topographic  positions  are  1.6  for  valleys,  0.5  for  intermediate 
positions,  and  0.21  for  ridges.  In  general,  this  relationship  also  holds  true 
for  individual  stratigraphic  units. 

Median  specific  capacities  are  2.9  for  wells  less  than  100  feet  deep, 
0.51  for  wells  100  to  199  feet  deep,  and  0.08  for  wells  200  to  600  feet  deep. 
Therefore,  when  adequate  supplies  of  water  for  any  need  are  not  obtained 
at  moderate  depths  (up  to  200  feet),  deepening  the  well  is  less  likely  to 
provide  the  needed  supply  than  drilling  a new  well. 

The  average  discharge  of  the  Little  Conestoga  Creek  at  the  Conestoga 
Country  Club  for  the  1964  calendar  year  was  43  cfs  (cubic  feet  per  second) . 
Approximately  77  percent  of  the  total  streamflow  was  derived  from  ground- 
water  discharge.  The  average  specific  yield  of  the  zone  of  water-table 
fluctuation  in  the  Little  Conestoga  Creek  drainage  basin  upstream  from 
the  Conestoga  Country  Club  is  0.04. 
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The  amount  of  ground  water  used  in  1965  from  the  carbonate  rocks  of 
the  Lancaster  quadrangle  was  about  1.2  to  1.3  billion  gallons.  Public- 
supply  use  increased  from  350  million  gallons  in  1961  to  500  million 
gallons  in  1965. 

Water  from  the  carbonate  rocks  is  of  the  calcium-bicarbonate  type. 
Hardness  is  generally  in  excess  of  200  ppm  (parts  per  million).  Nitrate 
contamination  is  common,  as  21  of  53  wells  and  springs  sampled  contained 
more  than  45  ppm  nitrate — the  maximum  concentration  recommended  for 
drinking  water  by  the  U.S.  Department  of  Health,  Education,  and  Welfare 
(1962). 

Ground  water  in  carbonate  rocks  of  the  Lancaster  quadrangle  generally 
has  a specific  conductance  of  between  400  and  700  micromhos  per  centi- 
meter. Specific  conductances  higher  than  700  micromhos  are  believed  to 
be  caused  by  local  contamination  from  sources  such  as  septic  tanks  and 
barnyard  wastes.  Large  areas  containing  ground  water  having  a specific 
conductance  greater  than  700  micromhos  occur  in  the  vicinities  of 
Lancaster,  Millersville,  and  Mount  Joy. 

Calcium-magnesium  ratios  in  ground  water  correlate  well  with  the 
composition  of  the  carbonate  source  rocks.  Ratios  in  water  from  dolomite 
units  are  very  close  to  the  stoichiometric  proportion  of  calcium  to  mag- 
nesium in  the  mineral  dolomite.  Higher  ratios  occur  in  water  from  inter- 
bedded  limestone  and  dolomite,  and  the  highest  ratios  occur  in  water 
from  limestone  units.  Calcium-magnesium  ratios  are  helpful  in  interpreting 
the  geology  where  bedrock  exposures  are  scarce. 

INTRODUCTION 

Lancaster  County,  long  known  as  a rich  agricultural  region,  has  a rapidly 
growing  industrial  complex,  chiefly  in  the  vicinity  of  the  city  of  Lancaster. 
Urban  expansion  and  suburban  development  have  kept  pace  with  this 
growth,  and  the  demand  for  water  to  supply  both  industrial  and  domestic 
needs  has  increased.  Some  of  this  demand  is  being  met  by  ground  water. 

The  crystalline  carbonate  rocks  that  underlie  nearly  half  of  the  county  are 
the  greatest  potential  source  of  ground  water  in  Lancaster  County.  An 
evaluation  of  the  availability,  occurrence,  movement,  and  quality  of  ground 
water  in  these  rocks  is  necessary  for  the  efficient  development  of  the  resource. 

In  September  1962,  the  U.S.  Geological  Survey  in  cooperation  with  the 
Pennsylvania  Geological  Survey,  began  a study  of  the  hydrology  of  the  car- 
bonate rocks  of  the  Lancaster  15-minute  quadrangle.  Geologic  mapping  was 
done  as  a fundamental  part  of  this  study.  Experience  gained  from  hydrologic 
studies  in  the  carbonate  rocks  of  the  Lebanon  Valley  (Meisler,  1963)  has 
shown  the  need  for  a detailed  geologic  map.  A progress  report  (Meisler  and 
Becher,  1966)  containing  basic  hydrologic  and  chemical  data  has  been  pub- 
lished. The  present  report  describes  the  geology  of  the  carbonate  rocks  of 
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the  quadrangle  and  relates  the  chemical  quality  of  the  ground  water  to 
stratigraphy,  rock  composition,  and  contamination  from  the  activities  of 
man.  Also,  it  relates  the  occurrence  and  water-bearing  characteristics  of  the 
carbonate  rocks  to  stratigraphy,  rock  composition,  and  topography. 

LOCATION  AND  GEOGRAPHIC  SETTING 

The  Lancaster  15-minute  quadrangle  is  located  in  Lancaster  County  in 
southeastern  Pennsylvania  (Figure  1).  The  15-minute  quadrangle  is  divided 
into  the  Manheim,  Lititz,  Lancaster,  and  Columbia  East  73^-minute 
quadrangles. 


Figure  1.  Map  of  southeastern  Pennsylvania  showing  the  physiographic 
provinces  and  the  location  of  the  Lancaster  quadrangle. 

Most  of  the  Lancaster  15-minute  quadrangle  is  in  the  Conestoga  Valley  of 
the  Piedmont  Province.  The  Conestoga  Valley  is  a lowland  underlain  chiefly 
by  shale  and  carbonate  rocks.  It  is  bounded  on  the  north  by  uplands  formed 
on  rocks  of  Tiiassic  age  and  on  the  south  by  uplands  formed  on  crystalline 
igneous  and  metamorphic  rocks. 

In  the  Lancaster  quadrangle,  the  land  surface  formed  on  the  carbonate 
rocks  lies  approximately  200  to  300  feet  below  that  formed  on  the  shale  that 
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crops  out  across  much  of  the  northern  half  of  the  quadrangle  and  on  the 
siliceous  rocks  that  are  interspersed  through  the  carbonate-rock  lowland. 

Chickies  Creek  and  Conestoga  Creek  drain  almost  all  of  the  Lancaster 
15-minute  quadrangle.  They  flow  southwestward  across  the  quadrangle  into 
the  Susquehanna  River.  Chickies  Creek  drains  most  of  the  western  one- 
third  of  the  quadrangle;  Conestoga  Creek  and  its  tributary,  Little  Conestoga 
Creek,  drain  the  eastern  two-thirds  of  the  quadrangle.  The  extreme  south- 
west corner  of  the  quadrangle  is  drained  by  several  small  streams  that  flow 
directly  into  the  Susquehanna  River. 

METHODS  OF  INVESTIGATION 

Approximately  500  municipal,  industrial,  and  domestic  wells  and  springs 
were  inventoried  during  this  investigation.  The  well  records  are  given  in 
Table  9,  and  the  spring  records  in  Table  10.  Locations  of  wells  and  springs 
are  shown  on  Plate  1.  Short-term  (1-hour)  pumping  tests  were  made  at  247 
wells  in  order  to  determine  specific  capacities  of  the  wells;  these  specific 
capacities  are  also  shown  on  Plate  1 . Continuous  water-level  records  were 
obtained  at  four  wells.  Continuously  recording  streamflow  measuring  sites 
were  maintained  on  Little  Conestoga  Creek  at  the  Conestoga  Country  Club 
and  1 mile  southeast  of  East  Petersburg  during  the  period  November  1963 
through  November  1966. 

Chemical  analyses  were  made  on  70  samples  collected  from  53  wells  and 
springs  and  are  reported  in  Table  11.  Bicarbonate  alkalinity  and  pH  of  these 
samples  were  determined  in  the  field.  Hardness  as  CaCOs  and  specific  con- 
ductance of  water  from  approximately  450  wells  were  determined  in  the  field 
and  are  reported  in  Table  9. 

Geology  of  the  carbonate  rocks  was  mapped  and  the  results  are  shown  in 
the  geologic  map  (Plate  1),  cross  sections  (Plate  2),  and  the  structure  maps 
(Figures  5 and  6).  Type  and  reference  sections  of  stratigraphic  units  are 
given  in  the  appendix. 

PREVIOUS  INVESTIGATIONS 

The  occurrence  of  ground  water  in  the  Lancaster  quadrangle  is  discussed 
by  Hall  (1934)  as  part  of  a reconnaissance  report  on  ground  water  in  south- 
eastern Pennsylvania.  The  geology  of  the  Lancaster  15-minute  quadrangle  is 
described  by  Jonas  and  Stose  (1930)  in  Pennsylvania  Geological  Survey 
Atlas  168. 
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WELL-NUMBERING  SYSTEM 

The  well-numbering  system  used  in  this  report  shows  the  location  of  wells 
and  springs  according  to  the  latitude  and  longitude  system  illustrated  in 
Figure  2. 

The  latitude  and  longitude  system  consists  of  a statewide  grid  of  1 -minute 
parallels  of  latitude  and  1 -minute  meridians  of  longitude.  Within  a 1 -minute 


Well  006-618-2  was  the  second  well  in- 
ventoried m the  1-minute  area  north  of  the 
40^06'  parallel  of  latitude  and  west  of  the 
76°I8'  meridian  of  longitude. 

Figure  2.  Diagram  showing  the  well-numbering  system. 
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area  wells  are  numbered  and  springs  are  lettered  consecutively  in  the  order 
inventoried.  For  example,  in  the  number  006-618-2,  which  was  assigned  to 
a well  near  Neffsville  in  Lancaster  County,  the  first  segment  (006)  is  com- 
posed of  the  last  digit  of  the  degree  (40)  and  the  two  digits  of  the  minutes 
(06)  that  define  the  latitude  on  the  south  side  of  a 1 -minute  quadrangle;  the 
second  segment  (618)  consists  of  the  last  digit  of  the  degrees  (76)  and  the  two 
digits  of  the  minutes  (18)  that  define  the  longitude  on  the  east  side  of  a 1- 
minute  quadrangle;  and  the  last  segment  (2)  indicates  the  consecutive  num- 
ber assigned  to  the  well  as  it  was  inventoried.  Similarly,  the  spring  numbered 
005-629-A  was  the  first  spring  inventoried  in  the  1 -minute  quadrangle  north 
of  the  40°05'  parallel  of  latitude  and  west  of  the  76°29'  meridian  of  longitude. 

CLIMATE 

In  Lancaster  County,  summers  are  long,  temperature  extremes  are  mod- 
erate, and  rainfall  is  abundant.  The  average  annual  precipitation  at  the  U.S. 
Weather  Bureau  station  at  Lancaster  for  the  years  1931  through  1955  was 
43.13  inches.  The  average  yearly  temperature  for  the  same  period  was 
56.06°F.  Approximately  33  percent  of  the  total  yearly  rainfall  takes  place  in 
June,  July,  and  August,  and  57  percent  occurs  in  the  6-month  period  from 
April  through  September.  Summer  precipitation,  because  it  is  predominantly 
of  the  thunderstorm  type,  is  highly  variable  in  quantity  and  areal  distribu- 
tion. Winter  precipitation  because  it  is  related  to  a more  general  weather 
pattern,  is  more  uniform  in  quantity  and  areal  distribution.  The  following 
table  gives  the  average  monthly  rainfall  and  temperature  at  Lancaster  for 
the  years  1931  through  1955. 


Average  monthly  precipitation  (in  inches)  and  temperature  (in  degrees  Fahrenheit)  at  the  U.S. 

Weather  Bureau,  Lancaster,  1931-55^ 


Month 

Precipitation  (inches) 

Temperature  (°F) 

January 

3.16 

30.4 

February 

2.61 

31.1 

March 

3.45 

40.1 

April 

3.45 

49.8 

May 

3.54 

61.3 

June 

4.01 

70.2 

July 

4.85 

74.5 

August 

5.28 

72.3 

September 

3.31 

65.3 

October 

3.27 

54.0 

November 

3.21 

42.9 

December 

2.99 

32.8 

Total 

43.13 

'Kauffman,  N.  M.,  1960 
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GEOLOGY 

REGIONAL  SETTING 

Limestone  and  dolomite  of  Cambrian  and  Ordovician  age  underlie  the 
Chester  Valley  and  most  of  the  Conestoga  Valley  in  southeastern  Pennsyl- 
vania (Figure  1).  The  Conestoga  Valley  is  separated  everywhere  from  car- 
bonate rocks  of  similar  age  in  the  Great  Valley  by  a long  downfaulted  basin 
containing  rocks  of  Triassic  age.  In  addition,  at  the  western  end  of  the  Cones- 
toga Valley,  igneous  and  metamorphic  rocks  of  Precambrian  and  early 
Paleozoic  age  (in  South  Mountain)  separate  the  Triassic  rocks  and  the  Great 
Valley.  Southwestward  from  Lancaster  County  the  Conestoga  Valley  nar- 
rows as  the  Triassic  rocks  gradually  overlap  the  carbonate  rocks  and  the 
valley  ends  near  the  Pennsylvania-Maryland  border.  Eastward  from  north- 
central  Lancaster  County  some  narrowing  of  the  Conestoga  Valley  occurs  as 
the  Triassic  rocks  overlap  the  carbonate  rocks.  The  valley  terminates  east- 
ward at  the  Honeybrook  Uplift  and  Mine  Ridge  anticline — structural  highs 
that  contain  a complex  of  igneous  and  metamorphic  rocks  of  Precambrian 
and  early  Paleozoic  age.  South  of  the  Honeybrook  LIplift  and  Mine  Ridge 
anticline,  the  carbonate  rocks  extend  eastward  in  a very  narrow  valley — the 
Chester  Valley — to  a point  north  of  Philadelphia. 

The  southern  limit  of  the  Conestoga  and  Chester  Valleys  is  marked  by  the 
“Martic  Line”  (Martic  overthrust  of  Knopf  and  Jonas,  1929)  which  sepa- 
rates the  carbonate  rocks  from  the  lower  Paleozoic  (?)  metamorphic  rocks  of 
the  Glen  Arm  Series. 


LOCAL  SETTING 

The  Lancaster  15-minute  quadrangle  is  located  in  the  central  part  of  the 
Conestoga  Valley  where  the  carbonate  rocks  attain  their  maximum  width  of 
20  to  25  miles.  Here,  the  Triassic  rocks,  which  separate  the  Conestoga  Valley 
from  the  Great  Valley,  narrow  to  their  minimum  width  of  6 to  10  miles 
(Figure  1).  Triassic  rocks  form  a border  across  the  northern  end  of  the  Lan- 
caster quadrangle  and  are  separated  from  the  carbonate  rocks  to  the  south 
by  the  Cocalico  Formation  (shale)  of  Ordovician  age  (Figure  3). 

Siliceous  rocks  of  Early  Cambrian  age  stratigraphically  underlie  the  car- 
bonate rocks  in  the  Lancaster  quadrangle.  Jonas  and  Stose  (1930)  divided 
the  siliceous  rocks  into  the  Chickies  Quartzite,  Harpers  Phyllite,  and  An- 
tietam  Quartzite.  The  Cocalico  Formation,  a shale  unit  of  Ordovician  age 
(Stose  and  Jonas,  1922;  Jonas  and  Stose,  1930),  overlies  the  carbonate  rocks 
in  the  Lancaster  quadrangle.  These  formations  were  not  studied  by  the 
writers  and  they  are  mentioned  in  this  report  only  in  relation  to  the  carbonate 
rocks. 

The  area  underlain  by  carbonate  rocks  in  the  Lancaster  quadrangle  is 
divided  into  three  east-west  trending  belts  (Figure  3).  The  Lititz  belt  is 


STRATIGRAPHY 


9 


separated  from  the  Mount  Joy  belt  by  a narrow  ridge  of  shale  of  the  Cocalico 
Formation.  The  Mount  Joy  belt  is  separated  from  the  Lancaster  belt  by 
faulted,  discontinuous,  anticlinal  ridges  of  Lower  Cambrian  quartzites  and 
phillites.  Stratigraphic  differences  between  these  belts  are  discussed  in  sub- 
sequent sections  of  this  report. 


EXPLANATION 

^ Shale 


Quartzite 
and  phyllite 

Contact 


40°00' 


I L ■ < 1 II 


Figure  3.  Sketch  map  showing  the  three  stratigraphic  belts  in  the 
Lancaster  quadrangle. 


STRATIGRAPHY 

Carbonate  rocks  of  Cambrian  and  Ordovician  age  in  the  Lancaster  quad- 
rangle form  a stratigraphic  sequence,  more  than  10,000  feet  thick,  of  inter- 
fingering, gradationally  changing,  and  commonly  recurring  lithologies.  De- 
tailed mapping  (Plates  1 and  2)  has  shown  that  this  sequence  can  be  divided 
into  rock-stratigraphic  units  defined  primarily  by  relative  proportions  of 
limestone  and  dolomite.  When  the  proportions  of  limestone  and  dolomite 
are  determined  for  each  of  a large  number  of  outcrops  in  an  area,  units  con- 
taining similar  proportions  can  be  separated  and  traced  along  strike.  Sub- 


Table  1.  Generalized  section  of  the  carbonate  rocks  of  Cambrian  and  Ordovician  age  in  the  Lancaster  quadrangle, 

Pennsylvania 
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Table  2.  Stratigraphic  section  of  the  carbonate  rocks  of  the  Lancaster 
quadrangle  used  by  Jonas  and  Stose  (ISSO)  and  in  this  report 


Jonas  and  Stose 

This  report 

Ordovician 

Conestoga  Cocalico 

Limestone  Shale 

(age  uncertain) 

Cocalico 
basal  limestone 

Beekmantown  Limestone  

Cocalico  Formation 

Myerstown  Formation 

Annville  Formation 

Beekmantown 

Group 

Ontelaunee  Formation 

Epler  Formation 
.Stonehenge  Formation 

Conestoga 

Formation 

(age 

uncertain) 

Cambrian 

Conococheague  Limestone 

Conococheague 

Group 

Richland  Formation 

Millbach  Formation 

Snitz  Creek  Formation 

Buffalo  Springs  Formation 

Elbrook 

Limestone 

Zooks  Corner  Formation 

Ledger  Dolomite 

Ledger  Formation 

Kinzers  Formation 

Kinzers  Formation 

Vintage  Dolomite 

Vintage  Formation 

ordinate  lithologic  features,  such  as  color,  crystallinity,  and  fossil  detritus 
aided  in  the  separation  of  some  units.  The  formations  that  resulted  from  this 
subdivision,  and  their  character  and  thickness,  are  show^n  in  Table  1. 

Thicknesses  were  calculated  from  the  geologic  map  using  the  width  of  the 
zone  of  outcrop  across  each  formation  and  an  average  dip  for  bedding.  These 
measurements  were  made  at  places  where  structural  effects  appeared  to  be 
minimal.  Determinations  of  thickness  may  be  grossly  inaccurate,  because 
the  extent  of  distortion  by  intensive  folding  cannot  be  evaluated  and  strata 
may  be  repeated  or  omitted  by  folds  or  faults  that  were  not  detected  during 
mapping.  Thicknesses  calculated  for  some  formations  differed  greatly  from 
place  to  place;  so,  for  those  formations,  ranges  of  thickness  are  shown  in 
Table  1. 

A comparison  between  the  stratigraphic  nomenclature  used  by  Jonas  and  j 
Stose  (1930),  in  the  Lancaster  quadrangle,  and  in  this  report  is  shown  in 
Table  2.  The  Vintage,  Kinzers,  Ledger,  and  Conestoga  Formations  are 
retained  as  defined  by  Jonas  and  Stose  (1930).  The  remaining  units  of  Jonas 
and  Stose  (1930)  are  subdivided,  redefined,  and  correlated  with  units  of  the 
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great  Valley  in  Lebanon,  Berks,  and  Dauphin  Counties,  Pa.  (Geyer  and 
others,  1958,  1963;  Hobson,  1957,  1963;  and  Prouty,  1959). 

The  carbonate  sequence  is  stratigraphically  continuous  except  for  the 
Conestoga,  which  lies  unconforrnably  on  all  formations  older  than  the  Zooks 
Corner  Formation.  The  lower  part  of  the  carbonate  sequence,  up  to  and 
including  the  Zooks  Corner  Formation,  is  composed  predominantly  of  dolo- 
mite. In  general,  the  middle  part,  from  the  Buffalo  Springs  Formation  to  the 
Richland  Formation  inclusive,  contains  approximately  equal  amounts  of 
limestone  and  dolomite,  and  the  upper  part,  from  the  Stonehenge  Formation 
to  the  Myerstown  Formation  inclusive,  is  composed  dominantly  of  limestone. 

Table  3 compares  the  stratigraphic  sections  exposed  in  the  three  carbonate 
belts  previously  defined.  The  apparent  trend  toward  higher  parts  of  the  sec- 
tion being  exposed  progressively  northward  is  the  result  of  several  factors. 
In  the  Lancaster  belt  the  units  above  the  Buffalo  Springs  Formation  are  miss- 
ing either  because  of  non-deposition  in  this  area  or  because  of  pre-Conestoga 
and-or  recent  erosion.  The  units  above  the  Epler  Formation  are  missing  in 
the  Mount  Joy  belt  because  of  an  unconformity  at  the  base  of  the  Cocalico 
(shale)  Formation.  In  the  Lititz  belt  units  below  the  Buffalo  Springs  Forma- 
tion are  covered  by  a thrust  plate. 


Table  3.  Stratigraphic  units  present  in  the  Lititz,  Mount  Joy, 
and  Lancaster  belts  of  carbonate  rocks 


Lititz  belt 

Mount  Joy  belt 

Lancaster  belt 

Myerstown  Formation 

Annville  Formation 

P 

Ontelaunee  Formation 

Epler  Formation 

Epler  Formation 

Conestoga 

Stonehenge  Formation 

Stonehenge  Formation 

Formation 

Richland  Formation 

? 

Millbach  Formation 

Millbach  Formation 

P 

Snitz  Creek  Formation 

Snitz  Creek  Formation 

Buffalo  Springs  Formation 

Buffalo  Springs  Formation 

Buffalo  Springs  Formation 

Zooks  Corner  Formation 

Zooks  Comer  Formation 

Ledger  Formation 

Ledger  Formation 

Kinzers  Formation 

Kinzers  Formation 

Vintage  Formation 

Vintage  Formation 
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CAMBRIAN  SYSTEM 
Vintage  Formation 

Stosc  and  Jonas  (1922)  and  Jonas  and  Stose  (1926  and  1930)  defined  the 
Vintage  Formation  as  the  gray  dolomite  unit  that  overlies  the  Antietam 
Quartzite.  The  type  section  is  located  west  of  Vintage,  Pa.,  in  a cut  of  the 
Pennsylvania  Railroad.  According  to  Jonas  and  Stose  (1930,  p.  24),  the 
lower  contact  of  the  Vintage  is  gradational  from  . . . “calcareous  quartzite 
at  the  top  of  the  Antietam”  . . . “through  a white  sericitic  siliceous  dolomite 
into  gray  dolomite”.  . . . However,  the  contact  in  the  reference  section  de- 
scribed in  the  Appendix  (section  1)  is  sharp,  between  light-gray  granular 
quartzite  and  darker  gray  dolomite. 

Most  of  the  Vintage  Formation  consists  of  thick-bedded  to  massive 
mcdium-light-gray  to  medium-dark-gray,  very  finely  to  finely  crystalline 
dolomite  that  contains  fine  wavy  siliceous  laminae  at  some  horizons.  Some 
beds  are  argillaceous  or  contain  thin  shale  interbeds  and  commonly  appear 
knotty  or  lumpy  on  weathered  surfaces.  Focally  the  dolomite  sparkles  on 
fresh  surfaces,  may  be  mottled,  and  is  medium  or  coarsely  crystalline.  In  a 
few  localities,  white,  pinkish-gray,  and  medium-gray  limestones  and  dolo- 
mites are  interbedded  with  more  typical  Vintage  dolomite  beds. 

The  Vintage  Formation  crops  out  on  the  flanks  of  the  anticlinal  quartzite 
ridges  that  separate  the  Mount  Joy  and  Fancaster  belts,  and  at  the  west  end 
of  the  Fancaster  belt.  The  Vintage  Formation  is  usually  absent  where  faults 
border  the  quartzite  ridges. 

Exposures  of  the  Vintage  Formation  in  the  quadrangle  are  most  abundant 
at  the  western  end  of  the  Fancaster  belt.  In  other  areas,  exposures  are  rare, 
and  the  formation  is  usually  inferred  in  covered  intervals  between  the  An- 
tietam Quartzite  and  the  overlying  Kinzers  Formation.  The  thickness  of  the 
Vintage  Formation  in  the  Fancaster  quadrangle  is  estimated  to  be  between 
350  and  550  feet. 

Fossils  of  Tower  Cambrian  age  have  been  found  in  the  Vintage  Forma- 
tion in  the  adjacent  Middletown  quadrangle  (Walcott,  1896,  p.  19;  Jonas 
and  Stose,  1930,  p.  26)  but  have  not  been  found  in  the  Lancaster  quad- 
nmgle.  These  fossils  occur  in  limestone,  which  appears  to  be  a common 
lithology  in  the  Vintage  west  of  the  Susquehanna  River. 

Kinzers  Formation 

The  Kinzers  Formation  of  Stose  and  Jonas  (1922),  and  Jonas  and  Stose 
(1926  and  1930)  is  the  unit  consisting  of  shale,  limestone,  and  dolomite  that 
overlies  the  Vintage  Formation.  It  was  named  for  Kinzers,  Pa.,  where  ap- 
proximately 150  feet  of  the  formation,  including  the  lower  contact,  is  ex- 
posed in  a cut  of  the  Pennsylvania  Railroad.  According  to  Jonas  and  Stose 
(1930,  p.  26)  the  lower  contact  of  the  Kinzers  is  marked  by  . . thin  beds  of 
impure  dolomite  which  grade  into  the  underlying  Vintage  dolomite  and 
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weather  to  a fossiliferous  yellow  earthy  rock  or  tripoli”.  In  the  Lancaster 
quadrangle  the  contact  was  observed  in  a quarry  at  Donnerville,  where  mas- 
sive light-gray  dolomite  of  the  Vintage  is  overlain  directly  by  abundant  shale 
float  of  the  Kinzers.  Here,  the  earthy  yellow  tripoli  has  apparently  been 
covered  by  shale  talus,  but  it  was  observed  by  Jonas  and  Stose  (1930,  p.  29). 

Although  the  lithology  of  the  Kinzers  Formation  is  quite  varied  most  of 
the  rock  types  are  distinctive.  The  shale  is  medium-gray  to  medium-dark- 
gray  and  has  rusty  weathering  streaks  along  partings.  Bedding  can  be  seen 
in  the  shale  in  those  few  places  where  it  has  not  be  obliterated  by  cleavage. 

Limestones  in  the  Kinzers  Formation  are  of  several  types.  One  common 
type  is  thick-bedded  to  massive,  very  light-gray  to  pinkish-gray  to  medium- 
dark-gray,  very  finely  crystalline  limestone.  It  contains  prominent,  anasto- 
mosing, argillaceous  to  silty,  laminae  and  lobate  masses,  which  give  the  rock 
a reticulated  appearance.  Differential  weathering  of  this  limestone  produces 
a distinctive  irregular  honeycomb  effect.  Another  type  of  limestone  is  thick- 
bedded,  silty  or  sandy,  medium-gray  to  medium-dark-gray,  finely  crystal- 
line, and  weathers  to  a rusty  siltstone  or  sandstone.  A third  type  is  thin- 
bedded,  slabby,  medium-dark-gray  to  dark-gray,  very  finely  crystalline  and 
medium  to  coarsely  crystalline  limestone,  containing  black  shale  partings 
and  disseminated  pyrite.  A fourth  type  is  thick-bedded,  medium-gray,  very 
finely  crystalline  limestone,  containing  distorted  blebs  and  masses  of  medium- 
gray  dolomite  that  weather  white. 

Dolomite  in  the  Kinzers  is  commonly  thick-bedded,  medium-gray  to 
olive-black,  and  very  finely  crystalline.  It  may  contain  laminae  of  limestone 
or  disseminated  pyrite.  The  earthy,  fossiliferous  dolomite  at  the  base  of  the 
Kinzers  was  observed  only  in  weathered  float. 

The  stratigraphic  sequence  of  lithologies  in  the  Kinzers  Formation  is  not 
clearly  known.  In  the  Hanover-York  district,  Stose  and  Stose  (1944,  p.  18-33) 
discerned  three  relatively  distinct  members  in  the  formation.  These  are  a lower 
shale  member,  middle  limestone  member,  and  upper  silty  or  sandy  lime- 
stone member.  The  lower  and  upper  members  have  topographic  expression 
as  low  ridges  or  hills. 

In  the  Lancaster  quadrangle,  a line  of  hills  has  formed  where  shale  of  the 
Kinzers  Formation  crops  out.  These  hills,  and  the  abundant  shale  float  on 
them,  make  the  Kinzers  an  easily  traced  unit.  In  many  parts  of  the  Lancaster 
quadrangle  no  evidence  exists  for  units  other  than  this  shale.  In  some  areas, 
sandstone  float  occurs  on  the  hills,  intermingled  with,  or  on  the  up-section 
side  of  the  shale.  In  a few  places  sandstone  float  occurs  also  on  the  down- 
section  side  of  the  shale. 

In  one  area,  at  the  east  end  of  Chestnut  Hill,  between  Roherstown  and 
Florys  Mill,  evidence  exists  for  at  least  two  units  in  the  Kinzers  Formation. 
Here,  the  Kinzers  crops  out  through  a broad  area  in  a complex  of  folds  that 
plunge  gently  to  the  east  and  northeast.  The  shale  appears  to  be  the  basal 
unit  and  is  overlain  by  limestones  and  dolomites  that  commonly  contain 
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argillaceous,  silty,  or  sandy  laminae  and  beds.  Limestone  that  weathers  into 
siltstone  or  sandstone  crops  out  on  low  hills  near  the  top  of  the  formation  and 
may  be  equivalent  to  the  upper  member  of  Stose  and  Stose  (1944).  There- 
fore, the  threefold  division  of  the  Kinzers  defined  by  Stose  and  Stose  (1944) 
may  exist  in  at  least  part  of  the  Lancaster  quadrangle,  but  it  is  not  mappable. 
Where  evidence  for  silty  or  sandy  carbonates  exist  in  the  Kinzers,  they  are 
separated  from  the  shale  on  the  geologic  map  (PI.  1). 

The  Kinzers  Formation  crops  out  on  the  flanks  of  anticlinal  quartzite 
ridges  in  a pattern  which  generally  parallels  that  of  the  underlying  Vintage 
Formation.  In  a few  places  in  the  western  half  of  the  Mount  Joy  belt,  the 
Kinzers  Formation  is  repeated  by  folding  and  faulting.  The  formation  is 
estimated  to  be  between  300  and  600  feet  thick. 

Lower  Cambrian  fossils  such  as  Olenellus  thompsoni  are  abundant  in  the 
Kinzers  Formation  of  the  Lancaster  quadrangle.  The  reader  is  referred  to 
Jonas  and  Stose  (1930),  and  Stose  and  Stose  (1944)  for  a complete  list  and 
discussion  of  fossils  from  this  formation. 

Ledger  Formation 

The  Ledger  Formation  is  the  light-gray  dolomite  unit  that  overlies  the 
Kinzers  Formation.  It  was  named  by  Stose  and  Jonas  (1922)  and  Jonas  and 
Stose  (1926  and  1930)  for  the  Village  of  Ledger,  Pa.,  where  prominent  out-  i 
crops  occur.  In  the  Lancaster  quadrangle,  the  lower  contact  of  the  Ledger  is 
exposed  in  a newly  constructed  roadcut  of  U.S.  Route  30,  in  the  north  flank 
of  a small  anticlinal  hill  just  west  of  Longs  Park.  Here,  massive,  light-gray 
dolomite  of  the  Ledger  Formation  overlies  well-bedded  medium-dark-gray  i 
or  olive-black  dolomite  of  the  Kinzers  Formation.  These  dark  dolomite  beds 
grade  downward  into  thin-bedded,  dark-gray  limestones  that  weather  into  a 
porous  siltstone. 

The  Ledger  Formation  consists  predominantly  of  massive,  very  light-gray 
to  light-gray,  medium  to  coarsely  crystalline,  sparkling  dolomite.  Commonly  I 
the  fresh  rock  exhibits  dark  mottling.  Massive  rocks  at  the  northwest  end  of 
Reference  Section  2 (Appendix)  are  typical  of  the  Ledger  Formation.  Beds 
near  the  lower  and  upper  contacts  of  the  formation  are  generally  light-gray 
to  medium-light-gray  and  very  finely  to  finely  crystalline.  The  rocks  de- 
scribed in  Section  2 (Appendix)  occur  near  the  base  of  the  Ledger  Forma-  , 
tion  and  are  of  this  type.  There  are  no  limestone  beds  exposed  in  the  forma-  j 
tion.  However,  a few  laminae  of  limestone  were  observed  in  a railroad  cut 
just  west  of  the  Armstrong  Cork  Company  plant  in  Lancaster. 

The  Ledger  Formation  occurs  along  the  south  side  of  the  Mount  Joy  belt 
and  the  north  side  of  the  Lancaster  belt.  The  largest  single  area  of  occurrence 
and  the  best  exposures  are  in  the  Lancaster  belt,  north  of  the  city  of  Lan-  , 
caster.  The  formation  is  estimated  to  be  1,000  feet  thick.  | 

No  fossils  have  been  found  in  the  Ledger  Formation.  Beds  formerly 
thought  to  be  Ledger  in  the  Hanover-York  district  (Jonas  and  Stose,  1930, 
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p.  31),  and  which  contain  Lower  Cambrian  fossils,  have  been  placed  in  the 
Kinzers  Formation  (Stose  and  Stose,  1944,  p.  33).  The  Ledger  is  probably 
Df  Early  Cambrian  age — based  on  its  stratigraphic  position  above  a unit  of 
andoubted  Early  Cambrian  age. 

Zooks  Corner  Formation 

The  Zooks  Corner  Formation,  another  dolomite  unit,  overlies  the  Ledger 
Formation.  It  is  named  for  exposures  in  the  type  section  (Appendix,  Section 
5)  along  Conestoga  Creek,  one-half  mile  west  of  the  Village  of  Zooks  Corner 
(Meisler  and  Becher,  1968),  where  nearly  half  of  the  formation  and  the  lower 
md  upper  contacts  are  exposed.  At  the  contact  with  the  underlying  Ledger, 
ithologies  of  the  two  formations  interfinger.  This  relationship  may  be  seen 
it  several  other  locations  in  the  quadrangle;  in  a small  quarry  several  hun- 
dred feet  northeast  of  the  Fruitville  Pike  at  Penn  Rose  Park,  along  Chickies 
Creek  about  1 mile  east  of  Newtown,  and  along  Conestoga  Creek  south  and 
?ast  of  the  Lancaster  Country  Club. 

The  predominant  lithology  of  the  Zooks  Corner  Formation  is  thin-  to 
;hick-bedded,  medium-gray,  very  finely  crystalline  dolomite.  However,  the 
dolomite  ranges  in  color  from  white  to  medium-dark-gray  and  in  crystal- 
inity  from  cryptocrystalline  to  coarsely  crystalline.  Much  of  the  dolomite  is 
iilty  or  sandy  and  sparsely  interbedded  with  dolomitic  sandstones.  Many 
alaty  or  shaly  beds  occur  throughout  the  section.  The  dolomite  contains 
nany  planar  features  such  as  color  banding,  hard  siliceous  laminae,  and 
Tale  laminae.  Other  sedimentary  structures  scattered  throughout  the  forma- 
ion  include  small  scale  cross-laminae,  ripple  marks,  mud  cracks,  graded 
jedding,  and  a few  chaotic  structures  that  appear  to  be  the  result  of  soft- 
lediment  deformation. 

White  to  medium-gray  beds  of  limestone  are  present,  but  they  constitute 
jnly  about  5 percent  of  the  rock  exposed  in  the  type  section.  Limestones  do 
JOt  appear  to  be  more  abundant  in  the  Zooks  Corner  Formation  elsewhere 
n the  quadrangle. 

In  the  type  section  (Appendix,  Section  3)  significant  differences  in  lithol- 
Jgy  occur  at  some  stratigraphic  horizons.  Limestones  constitute  more  than 
^0  percent  of  the  rock  exposed  in  a 50-foot  section,  located  650  feet  below  the 
:op  of  the  formation.  These  limestones  commonly  contain  dolomite  as  1am- 
nae  or  thin  beds.  About  900  feet  below  the  top  of  the  formation,  and  con- 
:inuing  downward  for  another  100  to  150  feet  the  dolomite  appears  to  be 
uore  argillaceous  and  silty  than  the  remainder  of  the  section.  The  lower  100 
eet  of  the  type  section  contains  most  of  the  white,  very  light-gray,  pinkish- 
jray  and  pale  orange  dolomites. 

The  total  measured  thickness  of  the  Zooks  Corner  Formation  in  the  type 
lection  is  between  1,550  and  1,600  feet.  This  figure  is  believed  to  be  reason- 
ibly  accurate,  as  the  section  dips  north  at  a constant  angle,  and  the  rocks 
;how  little  evidence  of  structural  thickening  or  thinning.  The  formation 


18 


LANCASTER  HYDROGEOLOGY 


crops  out  across  the  southern  part  of  the  Mount  Joy  belt  and  in  the  north- 
east part  of  the  Lancaster  belt. 

Fossils  have  not  been  found  in  the  Zooks  Corner  Formation.  As  the  forma- 
tion conformably  overlies  the  Ledger  Formation,  of  probable  Early  Cam- 
brian age,  the  Zooks  Corner  is  considered  to  be  of  Middle  (?)  Cambrian  age. 

The  rocks  that  constitute  the  Zooks  Corner  Formation  were  mapped  by 
Jonas  and  Stose  (1930)  as  Elbrook  Limestone  and  the  lower  part  of  the 
Conococheague  Limestone.  The  contact  as  mapped  by  Jonas  and  Stose  be- 
tween the  Elbrook  and  Conococheague  usually  falls  within  the  Zooks  Corner 
Formation.  In  the  western  part  of  the  quadrangle,  where  Jonas  and  Stose 
(1930,  p.  33)  did  not  recognize  Elbrook  Limestone,  the  Zooks  Corner  Forma- 
tion coincides  with  the  lower  part  of  their  Conococheague  Limestone. 

The  present  authors  believe  that  Elbrook  is  not  an  appropriate  strati- 
graphic name  in  the  Lancaster  quadrangle.  In  the  section  referred  to  as  El- 
brook by  Jonas  and  Stose  (1930,  p.  32)  and  described  as  the  type  section  of 
the  Zooks  Corner  Formation  in  this  report,  the  overwhelmingly  dolomitic 
rocks  bear  little  resemblance  to  the  Elbrook  Limestone  at  its  type  locality  in 
Franklin  County,  Pa.  Rocks  mapped  as  Elbrook  elsewhere  in  the  Lancaster 
quadrangle  by  Jonas  and  Stose  (1930),  that  do  resemble  the  Elbrook  in  its 
type  locality,  have  been  mapped  by  the  authors  as  part  of  the  overlying  | 
Buffalo  Springs  Formation. 

Conococheague  Group 

The  sequence  of  limestones  and  dolomites  previously  mapped  as  Conoco- 
cheague (Jonas  and  Stose,  1930)  can  be  separated,  on  the  basis  of  lithology, 
into  four  rock-stratigraphic  units.  These  units,  the  Buffalo  Springs,  Snitz 
Creek,  Millbach,  and  Richland  Formations,  are  correlated,  on  the  basis  of 
stratigraphic  position  and  lithologic  similarity,  with  units  in  the  Great  Val- 
ley, in  Lebanon  County,  Pa.  (Table  4.) 


Table  4.  Correlation  of  the  Conococheague  Group  in  the  Lancaster 
quadrangle  and  Lebanon  and  Berks  Counties,  Pa. 


Lebanon  County 
(Gray  and  others,  1958) 

Berks  County 
(Geyer  and  others,  1963) 

Lancaster  quadrangle 
(This  report) 

Conococheague 

Formation 

Richland  Member 

Conocoheague 

Richland  Formation 

Conococheague 

Group 

Richland  Formation 

Millbach  Member 

Millbach  Formation 

Millbach  Formation 

Schaefferstown  Memb^ 
Snitz  Creek  Member 

Snitz  Creek  Formation 

Snitz  Creek  Formation 

Buffalo  Springs  Member 

Buffalo  Springs  Formation 

Buffalo  Springs  Forma- 
tion 
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The  Conococheague  Formation  in  Lebanon  County  was  divided  by  Gray 
and  others  (1958)  into  five  members.  Geyer  and  others  (1963)  subsequently 
raised  four  of  these  members  to  formation  rank  and  raised  the  Conococheague 
Formation  to  group  rank.  Geyer  and  others  (1963)  separated  the  Buffalo 
Springs  Formation  from  the  Conococheague  Group  by  correlating  the  Buffalo 
Springs  Formation  with  the  Elbrook  Formation  at  its  type  locality  in  Franklin 
County,  Pa.  and  by  correlating  the  overlying  Snitz  Creek  Formation  with 
the  basal  Big  Springs  Station  member  of  the  Conococheague  Limestone  in 
Maryland  (Wilson,  1952,  p.  307-308). 

This  report  retains  the  group  rank  of  the  Conococheague  in  the  Lancaster 
quadrangle.  The  authors  include  the  Buffalo  Springs  Formation  within  the 
Conococheague  Group  for  the  following  reasons:  (1)  Most  of  the  Buffalo 
Springs  Formation  was  mapped  as  Conococheague  Limestone  by  Jonas  and 
Stose  (1930).  The  lower  contact  of  their  Conococheague  Limestone  either 
coincides  generally  with  the  lower  contact  of  the  Buffalo  Springs  or  is  within 
or  at  the  base  of  the  underlying  Zooks  Corner  Formation.  (2)  The  lower  con- 
tact of  the  Buffalo  Springs  Formation  is  the  best  defined  and  most  readily 
traceable  contact  within  the  Cambrian  carbonate  sequence.  (3)  The  Snitz 
Creek  Formation  is  not  separable  from  the  Buffalo  Springs  Formation  every- 
where in  the  Lancaster  quadrangle.  (4)  Lithologies  in  the  Buffalo  Springs 
Formation  are  similar  to  lithologies  of  other  formations  in  the  Conoco- 
cheague. Dolomites  in  the  Buffalo  Springs  are  similar  to  those  of  the  Snitz 
Creek  Formation  and  some  limestones  in  the  Buffalo  Springs  are  similar  to 
those  in  the  Millbach  Formation.  (5)  The  occurrence  of  prominent  beds  of 
sandstone  in  the  Snitz  Creek  Formation  is  an  important  criterion  for  con- 
sidering this  unit  to  be  basal  Conococheague  in  the  Lebanon  Valley.  How- 
ever, in  the  Lancaster  quadrangle,  beds  of  sandstone  are  common  also  in  the 
underlying  Zooks  Corner  and  Buffalo  Springs  Formations.  (6)  Correlation 
of  the  Snitz  Creek  Formation  with  the  Big  Springs  Station  Member  in  Mary- 
land is  highly  tenuous  as  the  latter  unit  cannot  be  traced  northeastward  from 
Maryland  across  Franklin  County,  Pa.  (Root,  1967). 

The  authors  recognize  the  possibility  that  other  limits  could  be  placed  on 
the  Conococheague  Group  in  the  Lancaster  quadrangle.  However,  they  be- 
lieve that  the  original  limits  established  by  Jonas  and  Stose  (1930)  in  the 
Lancaster  quadrangle  should  be  maintained  as  nearly  as  possible  until  more 
detailed  mapping  in  adjacent  areas  provides  firmer  evidence  for  correlation 
with  the  type  area  of  the  Conococheague  in  Franklin  County,  Pa. 

Fossils,  which  would  establish  the  age  of  the  rocks,  have  not  been 
found  in  the  Conococheague  Group  in  the  Lancaster  quadrangle,  or  in 
Lebanon  County  in  the  Great  Valley.  In  Franklin  County,  the  Conoco- 
cheague Limestone  contains  fossils  of  Upper  Cambrian  age.  Cryptozoon 
occur  in  the  Conococheague  rocks  of  Lancaster,  Franklin,  and  Lebanon 
Counties.  The  Kinzers  Formation,  which  is  stratigraphically  about  2,600 
feet  below  the  base  of  the  Conococheague  Group  in  the  Lancaster  quad- 
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rangle,  is  of  Early  Cambrian  age.  Therefore,  the  evidence  suggests  a Middle 
and/or  Upper  Cambrian  age  for  the  Conococheague  Group  in  the  Lan- 
caster quadrangle.  The  age  designations  of  Geyer  and  others  (1963,  Figure 
10)  are  here  applied  to  the  Lancaster  quadrangle,  and  the  Buffalo  Springs 
Formation  is  considered  Middle  (?)  Cambrian  in  age.  All  younger  formations 
in  the  Conococheague  Group  are  considered  Upper  Cambrian. 

Buffalo  Springs  Formation 

The  Buffalo  Springs  Formation  is  the  interbedded  limestone  and  dolomite 
sequence  that  overlies  the  Zooks  Corner  Formation.  The  lower  contact  is 
gradational  but  is  defined  as  the  base  of  the  lowest  thick  limestone  of  an 
interbedded  limestone  and  dolomite  sequence.  Good  exposures  of  the  con- 
tact and  the  lower  part  of  the  formation  can  be  seen  along  Conestoga  Creek, 
west  of  Holland  Heights  (Appendix,  Section  3),  and  in  a roadcut  on  Route 
222,  one-half  mile  south  of  Oregon. 

The  Buffalo  Springs  Formation  consists  of  white  to  very  light  pinkish- 
gray,  and  medium-gray  to  medium-dark-gray  limestones,  interbedded  with 
very  light  pinkish-gray  and  yellowish-gray  to  medium-dark-gray  dolomite. 
The  limestones  commonly  contain  thin  oolitic  zones  and  dolomitic  laminae, 
patches,  and  stringers.  The  dolomites  are  commonly  argillaceous,  silty,  or 
sandy  and  contain  mudcracks,  flow  casts,  ripple  marks,  and  cross  laminae. 
Thin  dolomite  pebble  conglomerate  lenses  and  chert  stringers  occur  in  beds 
of  both  limestone  and  dolomite.  Cryptozoon  are  rare  but  occur  in  both  lime- 
stone and  dolomite. 

The  Buffalo  Springs  Formation  displays  substantial  lateral  variations  in 
color  and  composition.  White  and  light-gray  rocks  predominate  in  many 
areas;  darker  gray  rocks  predominate  in  other  areas.  Thick  silty  and  sandy 
lenses  of  dolomite  (up  to  700  feet  thick),  which  are  similar  lithologically  to 
the  Snitz  Creek  Formation,  occur  within  the  Buffalo  Springs  Formation  in 
the  western  part  of  the  Mount  Joy  belt.  One  of  these  lenses,  exposed  in  a 
railroad  cut  at  Salunga,  is  described  in  the  Appendix,  Section  4. 

The  Buffalo  Springs  Formation  extends  across  the  entire  Lititz  belt,  but 
the  lower  part  of  the  formation  is  covered  by  a thrust  plate.  The  Buffalo 
Springs  also  occurs  across  the  entire  Mount  Joy  belt  but  the  upper  beds  may 
be  faulted  out  in  the  eastern  two-thirds  of  the  belt.  In  the  northeastern  part 
of  the  Lancaster  belt,  the  lower  part  of  the  Buffalo  Springs  is  exposed  in  the 
center  of  a broad  open  syncline  (Eden  syncline).  The  thickness  of  the  Buffalo 
Springs  Formation  is  estimated  to  be  between  1,500  and  3,800  feet. 

Snitz  Creek  Formation 

The  Snitz  Creek  Formation  is  the  dolomite  sequence  that  overlies  the  Buf- 
falo Springs  Formation.  The  lower  contact  is  gradational  but  is  defined  as  the 
top  of  the  highest  thick  bed  of  limestone  below  a dolomite  sequence.  This 
contact  and  much  of  the  Snitz  Creek  section  is  exposed  about  1 mile  south 
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of  Mount  Joy,  in  a roadcut  just  east  of  Little  Chickies  Creek.  The  upper  con- 
tact with  the  overlying  Millbach  Formation  is  also  exposed  here. 

Typically,  the  Snitz  Creek  Formation  contains  light-gray  to  dark-gray, 
very  finely  to  finely  crystalline  dolomite.  Much  of  the  dolomite  is  argilla- 
ceous, silty,  or  sandy  and  may  appear  shaly  or  platy  in  outcrop.  A few  scat- 
tered beds  of  dolomitic  quartz  sandstone  and  white  or  medium-gray  limestone 
occur  in  the  unit. 

The  Snitz  Creek  Formation  is  traceable  along  strike  for  approximately  2 
miles  at  the  west  end  of  the  Mount  Joy  belt  and  for  an  equal  distance  at  the 
east  end  of  the  Lititz  belt  (Plate  1).  In  parts  of  the  Mount  Joy  and  Lititz 
belts,  where  a predominant  dolomite  sequence  does  not  occur  between  the 
Buffalo  Springs  and  Millbach  Formations,  the  rocks  below  the  Millbach  are 
mapped  as  Snitz  Creek-Buffalo  Springs,  undivided.  However,  through  the 
eastern  one  half  of  the  Mount  Joy  belt  the  Snitz  Creek  Formation,  if  present, 
must  be  concealed  beneath  a thrust  fault.  The  Snitz  Creek  Formation  is 
estimated  to  be  300  to  400  feet  thick. 

Millbach  Formation 

The  Millbach  Formation  is  the  predominantly  limestone  sequence  that 
overlies  the  Snitz  Creek  Formation.  Where  the  Snitz  Creek  cannot  be  dis- 
tinguished, the  Millbach  overlies  the  undivided  Buffalo  Springs  and  Snitz 
Creek  Formations.  No  extensive  sections  of  the  Millbach  Formation  are  ex- 
posed in  the  Lancaster  quadrangle.  However,  the  contact  with  the  Snitz 
Creek  Formation  is  exposed  at  several  places  in  the  quadrangle.  The  best 
exposure  is  about  1 mile  south  of  Mount  Joy,  in  a roadcut  just  east  of  Little 
Chickies  Creek.  Here,  in  the  overturned  limb  of  a fold,  about  100  feet  of  a 
continuous  dolomite  section  is  stratigraphically  overlain  by  about  50  feet  of 
a continuous  limestone  section.  The  contact  is  gradational  and  is  defined  as 
the  top  of  the  stratigraphically  highest  thick  dolomite  below  a predominantly 
limestone  sequence.  Where  the  Millbach  Formation  overlies  undivided 
Snitz  Creek  and  Buffalo  Springs,  the  contact  is  mapped  where  a significant 
decrease  in  dolomite  content  occurs  in  the  section. 

The  Millbach  Formation  consists  of  white  to  light-pinkish-gray  limestone 
containing  some  light-gray  to  medium-light-gray  laminae  or  thin  beds  of 
dolomite,  and  medium-gray  to  medium-dark-gray  limestones  containing 
scattered  interbeds  of  light-pinkish-gray  to  medium-gray  dolomite.  Most  of 
the  rocks  are  very  finely  to  finely  crystalline.  Silty  and  sandy  beds  are  present 
but  are  less  common  than  in  the  underlying  formations.  A few  beds  of  car- 
bonate cemented  quartz  sandstone  are  present.  Thin  beds,  lenses,  and  string- 
ers of  chert  are  scattered  through  the  formation.  Most  exposures  display 
tight  bedding  folds  and  a cleavage  that  deforms  or  obliterates  bedding  and 
other  sedimentary  features. 

The  Millbach  Formation  is  mappable  across  the  Lititz  belt  and  in  the 
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western  one-third  of  the  Mount  Joy  belt.  Across  the  remainder  of  the  Mount 
Joy  belt,  if  the  Millbach  Formation  is  present,  it  is  probably  concealed  be- 
neath a thrust  fault.  The  thickness  of  this  formation  is  estimated  to  be  be- 
tween 1,200  and  2,000  feet. 

Richland  Formation 

The  Richland  Formation  is  defined  as  the  interbedded  limestone  and  dolo- 
mite unit  that  overlies  the  predominantly  limestone  Millbach  Formation. 
The  Richland  Formation  in  the  Lancaster  quadrangle  diflfers  considerably 
from  the  type  section  of  this  formation  in  the  Great  Valley  (Gray  and  others,  ' 
1958).  In  Lebanon  County  the  formation  consists  predominantly  of  dolo- 
mite, whereas  in  the  Lancaster  quadrangle  dolomite  is  subordinate  to  lime- 
stone. It  is  estimated  that  the  Richland  Formation,  in  the  Lancaster  quad- 
rangle, contains  about  70  percent  limestone  and  30  percent  dolomite.  The 
name  Richland  is  retained  in  the  Lancaster  quadrangle  because  these  rocks 
occupy  the  same  stratigraphic  position  as  the  Richland  Formation  in  Leba-  ! 
non  County,  contain  similar  sedimentary  characteristics,  and  are  clearly 
different  than  the  underlying  and  overlying  formations.  ' 

Rocks  in  the  Richland  Formation  are  medium-gray  to  medium-dark-gray,  | 
finely  crystalline,  interbedded  limestone  and  dolomite.  The  limestones  com- 
monly contain  disseminated  grains,  patches,  and  laminae  of  dolomite  and 
some  beds  of  fine  conglomerate  and  calcarenite.  Rarely,  thin  beds  or  stringers 
of  chert  are  present.  Cryptozoon  also  are  rare  but  do  occur  in  the  formation. 

The  Richland  Formation  is  exposed  only  in  a small  area  at  the  east  end  of 
the  Lititz  belt  (Plate  1).  It  can  be  traced  for  several  miles  to  the  east  and  ' 
northeast  in  the  adjacent  quadrangle.  Westward,  however,  exposures  of  the  I 
Richland  end  abruptly,  and  the  unit  is  probably  concealed  beneath  a thrust  j 
plate.  There  is  no  evidence  to  indicate  the  occurrence  of  the  Richland  in  the  I 
Mount  Joy  belt.  It  may  underlie  the  same  thrust  plate  that  conceals  the  Mill-  | 
bach  Formation  through  most  of  this  belt.  At  the  western  end  of  the  Mount 
Joy  belt  the  Richland  probably  does  not  occur  in  the  stratigraphic  section. 
Where  present,  the  Richland  Formation  is  estimated  to  be  about  550  feet  : 

thick.  j 

ORDOVICIAN  SYSTEM  | 

Beekmantown  Group  i 

Detailed  mapping  by  the  authors  in  the  Lancaster  quadrangle  has  shown 
that  strata  mapped  as  Beekmantown  Limestone  by  Jonas  and  Stose  (1930) 
can  be  divided  into  the  following  three  geologic  units;  the  Stonehenge  Forma- 
tion, Epler  Formation,  and  Ontelaunee  Formation.  These  units  are  corre- 
lated, on  the  basis  of  stratigraphic  position  and  lithologic  similarity,  with  | 
units  of  the  Beekmantown  Group  (Hobson,  1957)  in  Berks  County,  Pa.  A j 
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fourth  unit,  called  the  Rickenbach  Formation  by  Hobson  (1957)  and  lying 
between  the  Stonehenge  and  Epler  Formations  in  Berks  and  Lebanon  Coun- 
ties, is  not  present  in  the  Lancaster  quadrangle. 

Studies  by  Hobson  (1963,  p.  8 and  9)  indicate  that  the  boundary  between 
the  Cambrian  and  Ordovician  Systems  in  Berks  County  is  somewhere  be- 
tween the  middle  member  of  the  Stonehenge  Foimation  and  the  uppermost 
exposed  beds  of  the  Conococheague  Group.  In  the  Lancaster  quadrangle  the 
system  boundary  is  less  clearly  known,  but  it  is  placed  at  the  base  of  the 
Stonehenge  Formation  for  the  following  reasons:  (1)  the  Stonehenge  Forma- 
tion in  Franklin  County  is  Ordovician  in  age,  (2)  the  boundary  between  the 
Cambrian  and  Ordovician  Systems  in  Lebanon  County  is  placed  at  the  base 
of  the  Stonehenge  Formation  (Geyer,  1963,  Fig.  10),  (3)  fossils  from  the 
Epler  Formation  in  the  Lancaster  quadrangle  have  been  ascribed  to  the 
Turritoma  zone  of  the  Beekmantown  Limestone  in  the  Gumberland  Valley 
(Jonas  and  Stose,  1930,  p.  38),  (4)  fossils  of  similar  type  occur  in  both  the 
Stonehenge  and  Epler  Formations  in  the  Lancaster  quadrangle,  and  (5) 
fossils  similar  to  those  in  the  Beekmantown  Group  have  not  been  found  below 
the  Stonehenge  Formation  in  the  Lancaster  quadrangle. 

Stonehenge  Formation 

The  Stonehenge  Formation  is  defined  as  the  gray-limestone  sequence  that 
overlies  the  Richland  Formation.  However,  the  Stonehenge  and  Richland 
Formations  are  in  contact  only  at  the  eastern  end  of  the  Lititz  belt.  No  ex- 
posures of  the  contact  were  observed  in  this  area.  In  most  areas  the  Richland 
is  absent  and  the  Stonehenge  is  in  probable  fault  contact  with  the  Millbach 
or  Buffalo  Springs  Formations.  However,  at  the  western  end  of  the  Mount 
Joy  belt,  the  sequence  of  Stonehenge  overlying  Millbach  may  be  a normal 
stratigraphic  relationship. 

Although  the  nature  of  the  contact  of  the  Stonehenge  Formation  with 
rocks  of  the  Conococheague  Group  is  not  everywhere  clear,  a sharp  contrast 
in  lithologies  makes  this  contact  one  of  the  most  traceable  in  the  Lancaster 
quadrangle.  The  contact  is  mapped  at  the  base  of  a monotonous  sequence 
of  gray  limestone. 

The  Stonehenge  Formation  consists  of  medium-gray  to  medium-dark-gray, 
very  finely  to  finely  crystalline  limestone,  which  commonly  contains  dark- 
shale  laminae  that  weather  into  prominent  ribs  in  some  outcrops.  Beds  of 
calcarenite  are  common  locally  and  contain  fossil  detritus  including  abun- 
dant pelmatozoan  stem  plates.  Although  some  calcarenite  beds  occur  in  older 
formations,  they  do  not  contain  megascopically  visible  pelmatozoan  stem 
plates.  Coiled  gastropods  and  broken  pieces  of  brachiopod  or  pelecypod  shells 
are  seen  rarely  in  the  Stonehenge  Formation. 

The  Stonehenge  Formation  crops  out  in  continuous  bands  across  both  the 
Lititz  and  Mount  Joy  belts.  It  is  estimated  to  be  500  to  1,000  feet  thick. 
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Epler  Formation 

The  Epler  Formation  is  defined  as  the  interbedded  limestone  and  dolomite 
sequence  that  overlies  the  Stonehenge  Formation.  The  contact  between 
these  formations  is  placed  at  the  base  of  the  lowest  prominent  dolomite  of  a 
sequence  of  interbedded  limestone  and  dolomite.  No  exposures  of  this  con- 
tact were  observed  in  the  Lancaster  quadrangle. 

The  Epler  Formation  has  the  most  varied  lithology  of  any  formation  in  the 
Beekmantown  Group.  A reference  sequence  across  most  of  the  formation  is 
described  in  the  Appendix,  Sections  5 and  6.  This  sequence  can  be  sub- 
divided into  several  rock-stratigraphic  units,  but  these  units  could  not  be 
mapped  in  the  Lancaster  quadrangle. 

In  general,  the  Epler  Formation  consists  of  intervals  of  interbedded  lime- 
stone and  dolomite  separated  by  intervals  of  limestone.  Many  of  the  dolo- 
mites are  calcareous,  and  all  gradations  between  pure  dolomite  and  pure 
limestone  are  present.  The  lower  part  of  the  formation  contains  many  beds 
of  white  to  light-pinkish-gray  limestone  and  dolomite.  Such  rocks  predomi- 
nate near  the  base,  and  light-colored  limestones  have  been  very  useful  in 
mapping  the  lower  contact  of  the  formation  where  dolomite  beds  are  scarce 
or  not  exposed.  The  remaining  limestones  and  dolomites  in  the  formation  are 
medium-light-gray  to  dark-gray.  Most  of  the  rocks  are  very  finely  and  finely 
crystalline  and  contain  many  types  of  laminae  such  as  shale  partings  and 
color  bands.  Fossil  detritus  occurs  commonly  and  is  abundant  in  calcarenite 
beds.  Pelmatozoan  stem  plates  are  the  most  common  fossils  but  coiled  gastro- 
pods are  also  present.  Chert  occurs  in  lenses  and  stringers  scattered  through 
the  formation. 

The  Epler  Formation  crops  out  in  broad  bands  across  both  the  Mount 
Joy  and  Lititz  belts.  The  thickness  of  this  formation  is  estimated  to  be  be- 
tween 2,000  and  2,500  feet. 

In  the  Lititz  belt  the  formation  appears  to  contain  much  less  dolomite 
than  in  the  Mount  Joy  belt.  This  scarcity  of  dolomite  may  be  the  result  of  the 
Lititz  belt  being  on  the  overturned  limb  of  a large  recumbent  fold.  On  such 
limbs,  dolomite  beds,  when  interbedded  with  limestone,  tend  to  thin,  form 
boudins,  and  brecciate.  Weathering  tends  to  destroy  the  remnants  of  such 
dolomite  beds  more  rapidly  than  the  interbedded  limestone. 

Pre-Cocalico  unconformity 

The  normal  stratigraphic  sequence  above  the  Epler  is  the  Ontelaunee, 
Annville,  Myerstown,  and  Cocalico  Formations.  However,  in  the  Mount  Joy 
belt  the  Cocalico  Formation  overlies  the  Epler  and  the  intervening  forma- 
tions are  absent.  Across  most  of  the  Lititz  belt  the  Ontelaunee  Formation 
occurs  discontinuously  between  the  Epler  and  Cocalico  Formations.  In  the 
most  northeasterly  part  of  the  Lititz  belt  (around  Hammer  Creek  north  of 
Brunnerville),  the  Ontelaunee  overlies  the  Epler  everywhere  and  the  Ann- 
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i ville  overlies  the  Ontelaunee  almost  everywhere,  but  the  Myerstown  Forma- 
tion is  present  only  in  one  small  area.  These  relationships  suggest  that  the 
1 Cocalico  Formation  unconformably  overlies  the  truncated  edges  of  pro- 
* gressively  older  formations  in  a southerly  direction.  Southward  thinning  of 
the  Ontelaunee  Formation  provides  further  evidence  for  an  unconformity, 
j Jonas  and  Stose  (1930,  p.  42)  also  report  an  unconformity  at  the  base  of  the 
^ Cocalico  Formation.  Studies  by  many  workers  (Gray,  1952;  Prouty,  1959; 

Hobson,  1963)  in  the  Great  Valley,  north  of  the  Lancaster  quadrangle,  indi- 
I cate  an  unconformity  at  the  base  of  the  Martinsburg  Formation  (strati- 
i graphic  equivalent  of  the  Cocalico  Formation).  In  some  places  in  the  Lititz 
belt,  faulting  or  shearing  probably  is  partly  responsible  for  missing  units 
above  the  Epler  Formation. 


Ontelaunee  Formation 

The  Ontelaunee  Formation  is  the  dolomite  sequence  that  overlies  the 
Epler  Formation.  The  contact  between  these  formations  is  defined  as  the  top 
of  the  highest  limestone  in  the  sequence  of  interbedded  limestone  and  dolo- 
; mite  beneath  the  dolomite  sequence  of  the  Ontelaunee  Formation.  This  defi- 
i nition  differs  from  that  in  Berks  County,  where  according  to  Hobson  (1963, 
p.  17)  . . . “the  contact  between  the  Epler  Formation  and  the  overlying 
' Ontelaunee  Formation  in  central  Berks  County  is  placed  at  the  top  of  the 
highest  limestone  bed  beneath  a prominent  zone  of  chert  beds  in  the  Onte- 
launee.” This  chert  zone  is  not  recognizable  and,  hence,  cannot  be  used  in 
; the  Lancaster  quadrangle.  The  lower  contact  in  the  Lancaster  quadrangle 
and  the  entire  Ontelaunee  section  in  this  area  is  exposed  in  a quarry  adjacent 
! to  the  sewage  disposal  plant  on  the  south  side  of  the  Borough  of  Manheim.  A 
■ description  of  the  rocks  in  this  quarry  can  be  found  in  the  Appendix,  Section 
7.  Another  exposure  of  this  sequence  and  the  contact  with  the  overlying 
Cocalico  Formation  can  be  seen  in  a quarry  one-half  mile  farther  east. 

The  Ontelaunee  Formation  consists  mostly  of  medium-light-gray  to 
' medium-dark-gray  cryptocrystalline  to  very-finely  crystalline  dolomite  that 
commonly  contains  fine  laminae.  A few  dark-gray  cryptocrystalline  beds  of 
I limestone  are  scattered  through  the  sequence.  No  fossils  have  been  found  in 
i this  formation. 

1 The  Ontelaunee  was  calculated  to  be  600  feet  thick  at  Clay,  the  northern- 
<;most  area  of  exposure  in  the  Lititz  belt.  The  quarry  south  of  Manheim,  in 
;i  the  Lititz  belt  (Appendix,  Section  7),  contains  only  62  feet  of  Ontelaunee 
li  Teds  from  the  exposed  lower  contact  to  a concealed  interval  of  5 feet  between 
j,  the  Ontelaunee  and  overlying  Cocalico  Formation.  Further  south,  in  the 
)i  Mount  Joy  belt,  the  Ontelaunee  Formation  is  not  present  between  the  Epler 
jt  I and  Cocalico  Formations.  The  southward  thinning  of  the  Ontelaunee  Forma- 
d ition  is  believed  to  be  caused  by  an  erosional  truncation  as  discussed  in  the 
J.  section  on  the  pre-Cocalico  unconformity. 
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Annville  Formation 

The  Annville  Formation  in  the  Lancaster  quadrangle  is  defined  as  the 
lower  part  of  the  limestone  sequence  that  overlies  the  Ontelaunee  Formation. 
It  is  correlated  on  the  basis  of  lithologic  similarity  and  stratigraphic  position 
with  the  Annville  Limestone  of  the  type  section  in  Dauphin  County  (Prouty, 
1959).  The  contact  between  limestones  of  the  Annville  and  dolomites  of  the 
Ontelaunee  is  exposed  along  the  south  side  of  the  road  one-half  mile  south- 
west from  Hammer  Creek  Church. 

The  formation  consists  of  light-gray  to  medium-dark-gray,  finely  crystal- 
line, partly  laminated  limestone.  Commonly,  weathered  surfaces  are  con- 
spicuously fluted.  A reference  section  of  the  Annville  is  described  in  the  Ap- 
pendix, Section  8. 

The  Annville  Formation  crops  out  only  in  the  extreme  northeastern  part 
of  the  Lititz  belt.  The  thickness  of  the  formation  is  estimated  to  be  about  200 
feet. 

According  to  Prouty  (1959,  p.  12),  the  Annville  Formation  in  Dauphin 
County  is  of  Chazy  (Middle  Ordovician)  age.  A similar  age  is  suggested  for 
the  Annville  in  the  Lancaster  quadrangle. 

Myerstown  Formation 

The  Myerstown  Formation,  in  the  Lancaster  quadrangle,  overlies  the 
Annville  Formation.  It  is  the  upper  part  of  the  limestone  sequence  above  the 
Ontelaunee  Formation  and  is  correlated  on  the  basis  of  stratigraphic  position 
and  lithologic  similarity  with  the  Myerstown  Limestone  of  the  type  section 
in  Dauphin  County  (Prouty,  1959). 

The  lower  contact  with  the  underlying  Annville  Formation  is  not  exposed 
in  the  Lancaster  quadrangle.  However,  rocks  of  the  Annville  Formation  are 
separated  from  rocks  in  the  reference  section  of  the  Myerstown  Formation 
(Appendix,  Section  9)  by  a concealed  interval  of  less  than  5 feet. 

The  Myerstown  Formation  underlies  an  extremely  small  area  approxi- 
mately 3 miles  north-northeast  of  Lititz,  in  the  Lititz  belt.  The  exposure  is 
limited  to  two  outcrops  that  contain  dark-gray,  coarsely  crystalline,  thinly 
bedded  limestone,  and  dark-gray  shaly  limestone.  Fossil  detritus,  including 
pehnatozoan  stem  plates,  is  abundant.  The  thickness  of  the  Myerstown  For- 
mation is  about  200  feet. 

In  Dauphin  County  the  Myerstown  Limestone  is  overlain  by  the  Hershey 
Formation.  There  is  no  evidence  to  indicate  the  presence  of  the  Hershey 
Formation  in  Lancaster  County.  Here,  the  Cocalico  Formation  overlies  the 
Myerstown  Formation,  but  no  exposures  of  the  contact  have  been  observed. 

According  to  Prouty  (1959,  p.  17-19)  the  Myerstown  is  of  Middle  Ordovi- 
cian age  in  the  Great  Valley.  A similar  age  is  suggested  for  the  Myerstown  in 
the  Lancaster  quadrangle. 
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Conestoga  Formation 

The  Conestoga  Formation  is  a limestone  sequence  named  by  Stose  and 
Jonas  (1922,  p.  359,  365-366)  for  exposures  along  Conestoga  Creek  south  of 
Lancaster.  In  the  Lancaster  quadrangle,  the  Conestoga  unconformably  over- 
laps the  Ledger,  Kinzers,  and  Vintage  Formations. 

In  general,  the  Conestoga  Formation  consists  of  medium-gray  and  medi- 
um-dark-gray, finely  to  coarsely  crystalline  limestone.  Commonly,  the  lime- 
stones contain  argillaceous  laminae.  Much  of  the  formation  has  a schistose 
appearance  and  contains  thin  graphitic  or  micaceous  beds  or  laminae.  The 
base  of  the  formation  is  usually  marked  by  beds  of  conglomerate  containing 
carbonate  clasts  of  both  similar  and  different  lithology  than  the  matrix. 
These  clasts  range  in  size  from  pebbles  to  boulders  5 feet  across.  Coarsely 
crystalline,  silty,  and  sandy  limestones  also  occur  near  the  base  of  the  forma- 
tion and  in  some  places  are  interbedded  with  conglomerates.  Beds  of  dolo- 
mite identical  in  appearance  to  adjacent  beds  of  limestone  are  well  exposed 
in  front  of  the  Radio  Corporation  of  America  plant  at  the  northeast  end  of 
Lancaster.  Dolomite  has  not  been  observed  elsewhere  in  the  Conestoga 
Formation. 

There  are  many  excellent  exposures  of  the  Conestoga  Formation  south  and 
east  of  Lancaster  along  Conestoga  and  Mill  Creeks  and  in  quarries,  road, 
and  railroad  cuts.  Most  of  the  lithologies  present  in  the  formation  can  be 
seen  here  or  in  exposures  and  quarries  east  of  Columbia. 

The  Conestoga  Formation  occurs  only  in  the  Lancaster  belt.  The  zone  of 
outcrop  is  3 to  4 miles  wide  across  the  southern  part  of  the  quadrangle,  but 
an  additional  3 to  5 miles  of  width  is  exposed  south  of  the  border  of  the  Lan- 
caster quadrangle. 

The  thickness  of  the  Conestoga  Formation  is  not  known.  Multiple  folding 
combined  with  the  broad  zone  of  exposure  makes  it  impossible  to  estimate 
the  thickness.  However,  the  formation  must  be  at  least  1,000  feet  thick. 

The  age  of  the  Conestoga  Formation  has  long  been  a controversial  subject 
and  still  is  unresolved.  Fossils  have  not  been  found  in  the  Lancaster  quad- 
rangle nor  have  the  stratigraphic  correlatives  of  the  Conestoga  been  estab- 
lished. At  present,  the  Conestoga  is  believed  to  be  of  Early  Ordovician  age, 
but  it  may  be  partly  of  Cambrian  age.  The  problem  is  discussed  fully  by 
Jonas  and  Stose  (1930,  p.  44-47)  and  Stose  and  Stose  (1944,  p.  37-38). 

STRUCTURE 

The  cumulative  effects  of  continuous  or  recurring  deformation  have  pro- 
duced a complex  structural  pattern  in  the  carbonate  rocks  of  the  Lancaster 
quadrangle.  Features  of  this  pattern  include  variable  styles  of  folding,  two 
areally  separated  sets  of  axial-plane  cleavage,  warped  and  folded  axial  planes 
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Figure  4.  Sketch  map  showing  three  structural  zones  in  the  Lancaster 
Quad  rangle. 

and  axial-plane  cleavages,  areas  of  chaotic  cleavage  and  bedding,  distorted 
and  disrupted  folds,  and  thrust  faults. 

The  complex  structure  of  the  carbonate  rocks  can  best  be  discussed  by  con- 
sidering three  structurally  contrasting  zones  as  shown  in  Figure  4.  A distinct 
or  dominant  structural  character  defines  each  zone.  As  there  are  no  sharp 
changes  between  zones,  the  boundaries  are  commonly  drawn  through  areas 
that  contain  structural  features  common  to  both  the  bounded  zones. 

The  northernmost  zone,  called  the  zone  of  recumbent  folding,  includes 
the  Lititz  belt  and  the  northern  part  of  the  Mount  Joy  belt.  In  this  zone,  the 
dominant  pattern  is  one  of  nappe  structure  consisting  of  isoclinal  folds  that 
are  recumbent  or  strongly  overturned  to  the  north  and  imbricate  thrusting. 
The  general  trend  of  this  zone  in  the  carbonate  rocks  is  northeast-southwest 
and  the  magnitude  of  the  folds  decreases  to  the  south.  Folds  in  this  zone, 
whether  large  or  small,  exhibit  a well  developed  axial-plane  cleavage  that 
generally  dips  gently  to  moderately  southward.  Where  folds  are  overturned 
past  recumbency,  or  are  warped  by  later  folding,  the  cleavage  dips  to  the 
north  or  east.  A generalization  of  cleavage  measurements  in  the  Lancaster 
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quadrangle  is  shown  in  Figure  5.  Areas  where  overturned  limbs  of  folds  are 
exposed  at  the  land  surface  in  the  zone  of  recumbent  folding  are  also  shown 
in  Figure  5. 

Imbricate  thrust  faulting  is  an  important  feature  of  the  zone  of  recumbent 
folding.  Displacement  on  thrust  faults  appears  generally  to  increase  to  the 
west.  As  interpreted  by  the  writers,  the  thrusting  occurred  at  a late  stage  of 


Figure  5.  Map  showing  generalized  cleavage  and  areas  of  overturned 
beds  in  the  Lancaster  15-minute  quadrangle,  Lancaster 
County,  southeastern  Pennsylvania. 
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recumbent  folding  or  after  the  folds  were  formed.  However,  some  thrusting 
may  have  occurred  earlier — perhaps  even  before  recumbent  folding. 

The  southernmost  zone,  called  the  zone  of  steep  isoclinal  folding,  includes 
the  Lancaster  belt  south  of  the  northernmost  exposures  of  the  Conestoga 
Formation.  In  this  zone  the  dominant  structural  pattern  is  one  of  upright  or 
slightly  overturned  isoclinal  folds  and  steeply  dipping  axial-plane  cleavage. 
(Figure  5).  Folds  with  amplitudes  up  to  half  a mile  are  present  at  the  west 
end  of  this  zone  where  the  exposure  of  several  formations  clearly  outlines  the 
dominant  fold  pattern  (Plate  1).  Vertical  and  reverse  faults  occur  in  the 
western  part  of  the  zone  (Plate  1)  and  probably  in  other  parts  also. 

The  central  zone,  called  the  zone  of  uplift  and  variable  folding,  includes 
the  southern  part  of  the  Mount  Joy  belt,  and  the  Lancaster  belt  north  of  the 
outcrop  area  of  the  Conestoga  Formation.  The  most  prominent  structure 
present  is  the  complex  anticlinal  uplift  whose  crest  occurs  generally  in  the 
quartzite  ridges.  Folds  in  this  zone  are  generally  open  and  upright  although 
some  tighter  folds,  slightly  overturned  to  the  north,  are  present.  This  fold 
geometry  differs  considerably  from  that  of  folds  in  both  the  adjacent  areas. 

Cleavage  is  scarce  in  the  zone  of  uplift  and  variable  folding  and  could  not 
be  used  to  determine  the  genetic  relationship  of  folds  in  this  zone  to  the  re- 
cumbent folds  further  north  and  to  the  steep  isoclincal  folds  further  south. 
Faulting,  including  thrust  faulting,  has  added  to  the  structural  complexity 
of  this  zone.  The  nature  of  some  of  the  faults  is  unknown. 

The  following  sections  of  this  report  discuss,  in  greater  detail,  the  zones 
described  briefly  above. 

ZONE  OF  RECUMBENT  FOLDING 

The  largest  structural  features  in  the  zone  of  recumbent  folding  are  the  , 
Hammer  Creek  and  Manheim  Anticlines.  (Plate  2 and  Figure  6).  These  are  I 
individually  named  anticlines  because  their  areal  separation  makes  it  pos-  | 
sible  to  interpret  them  as  two  distinct  folds.  However,  they  are  interpreted  by 
the  authors  as  a single  fold  that  has  been  complicated  by  refolding  and 
faulting. 

The  Hammer  Creek  Anticline  is  a large  eastward  plunging  fold  that  is 
overturned  to  the  north  beyond  recumbency.  The  axial  surface  dips  north  I 
and  its  trace  strikes  east.  If  only  one  fold  is  present,  then  the  axial  surface  of  j 
the  Hammer  Creek  Anticline  bends  over  the  Brunnerville  Arch  (Plate  2 and  | 
Figure  6)  and  dips  south  into  the  Manheim  Anticline.  The  Brunnerville 
Arch  strikes  and  plunges  to  the  southeast  but  probably  consists  of  a series  of 
open  folds  that  strike  more  easterly  than  the  trend  of  the  arch. 

The  Manheim  Anticline  is  a strongly  overturned  fold  of  large  dimensions. 
The  axial  surface  dips  south  and  its  trace  strikes  east.  At  the  west  end  of  the 
fold,  in  the  carbonate  rocks,  the  fold  axis  plunges  to  the  west.  The  upper 
limb  of  the  anticline  is  exposed  south  of  Manheim  and  probably  forms  the 
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Figure  6.  Map  showing  the  location  of  major  structural  features  in  the 
Lancaster  15-minute  quadrangle,  Lancaster  County,  south- 
eastern Pennsylvania. 


lower  limb  of  a smaller  recumbent  syncline  whose  upper  limb  is  exposed 
southwest  of  Sporting  Hill. 

Several  thrust  faults  disrupt  the  Manheim  Anticline  along  the  south  side 
of  the  Lititz  belt  east  of  the  town  of  Manheim.  The  Kissell  Hill  Thrust  (Plate 
1 and  Figure  6),  which  brings  the  Cocalico  Formation  in  contact  with  rocks 
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ranging  from  the  Buffalo  Springs  Formation  to  the  Epler  Formation,  is  the 
major  fault  in  this  area.  The  fault  surface  dips  south,  and  the  maximum 
stratigraphic  throw  is  about  4,000  feet.  Displacement  on  the  fault  increases 
from  west  to  east  and  reaches  a maximum  estimated  to  be  several  miles.  Some 
of  the  displacement  attributed  here  to  the  Kissell  Hill  Thrust  may  be  caused 
by  Triassic  faulting,  because  Kissell  Hill  and  the  Cocalico  Formation  (which 
underlies  it)  extend  eastward  to  Ephrata  where  rocks  and  faults  of  Triassic 
age  are  present. 

North  of  Kissell  Hill  is  the  Fairland-Millway  Thrust  (Figure  6)  which  dips 
south  and  strikes  east  or  northeast.  Displacement  on  the  fault  probably  ex- 
ceeds 1 mile  at  the  east  end  of  its  trace  but  may  be  negligible  at  the  west  end. 
Evidence  for  this  thrust  is  the  absence  of  stratigraphic  section — part  of  the 
Millbach  Formation  is  absent  east  of  Lititz  Run  and  the  entire  Richland 
Formation  is  absent  west  of  Lititz  Run.  However,  as  the  Richland  is  known 
to  exist  in  the  Lancaster  quadrangle  only  at  the  east  end  of  the  Lititz  belt,  its 
occurrence  elsewhere  is  doubtful  and  it  may  pinch  out  westward  under  the 
Fairland-Millway  Thrust.  East  of  the  cross  fault,  along  Lititz  Run,  the  Fair- 
land-Millway Thrust  has  migrated  downsection  and  all  stratigraphic  units 
and  the  thrust-fault  trace  are  offset  to  the  south.  This  evidence  suggests  that 
the  east  block  of  the  cross  fault  was  uplifted. 

Along  the  contact  of  the  Cocalico  Formation  with  the  carbonate  rocks, 
from  Manheim  northeastward  to  Clay,  formations  younger  than  the  Stone- 
henge are  absent  in  places  (Plate  1).  In  some  areas  the  units  are  absent  as  a 
result  of  the  pre-Cocalico  unconformity.  In  other  areas  the  missing  units 
have  probably  been  sheared  or  faulted  out  during  folding.  These  areas  are 
shown  on  Plate  1 as  thrusts. 

In  the  zone  of  recumbent  folding  south  and  southwest  of  the  Kissell  Hill 
Thrust,  folds  occur  that  are  interpreted  as  smaller  digitations  on  the  upper 
flank  of  the  Manheim  Anticline.  Here,  cleavage  (Figure  5)  and  bedding 
strike  east  southeastward  except  in  the  area  between  Salunga  and  Mount 
Joy,  where  they  turn  sharply  southward  and  the  structural  pattern  is  greatly 
disturbed. 

The  lower  limb  of  the  recumbent  Florin  Syncline  north  of  Mount  Joy 
(Figure  5)  may  be  a southwestward  extension  of  the  upper  limb  of  the  Man- 
heim Anticline.  The  recumbent  Florin  and  Mount  Joy  Synclines  (Figure  5) 
are  interpreted  as  the  same  fold  whose  axial  surface  has  been  refolded  into  an 
open  syncline  that  plunges  eastward.  Further  south,  an  open  anticlinal  fold 
in  cleavage  and  bedding  that  also  plunges  eastward  is  believed  to  have  pro- 
duced the  curvature  of  the  axial  trace  of  the  recumbent  Mount  Joy  Syncline. 
These  open  folds  are  shown  by  the  attitudes  of  generalized  cleavage  in 
Figure  5. 

The  overturned  upper  limb  of  the  Mount  Joy  Syncline  is  also  the  lower 
limb  of  the  recumbent  Salunga  Anticline  (Figure  6).  The  apex  and  both 
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limbs  of  the  recumbent  anticline  are  exposed  in  the  Pennsylvania  Railroad 
cut  at  Salunga. 

East  of  the  apex  of  the  Salunga  Anticline,  recumbent  folding  appears  to  be 
less  intense  than  to  the  west.  Perhaps  much  of  the  stress  that  produced  re- 
cumbent folds  in  the  Mount  Joy  area  was  relieved  further  east  by  displace- 
ment on  the  Mechanicsville  Thrust.  (Plate  2 and  Figure  6).  This  thrust  is 
interpreted  as  a southward-dipping  fault  that  places  the  Buffalo  Springs 
Formation  in  contact  with  the  Stonehenge  Formation  at  land  surface  across 
most  of  the  quadrangle.  Displacement  on  the  fault  apparently  decreases 
west  of  Mechanicsville,  as  sandy  dolomite  lenses  of  the  Buffalo  Springs  For- 
mation and  most  of  the  Millbach  Formation  appear  progressively  westward 
in  the  section  on  the  south  side  of  the  fault  trace.  The  thrust  fault  may  extend 
farther  west  than  indicated  on  Plate  1 and  Figure  6 but  displacement  must 
be  slight,  as  a normal  stratigraphic  sequence  is  present. 

North  of  the  Mechanicsville  Thrust,  in  the  eastern  half  of  the  quadrangle, 
the  dip  of  cleavage  changes  abruptly  from  north  to  south.  This  change  is 
interpreted  on  the  map  of  generalized  cleavage  (Figure  5)  as  an  east-west 
trending  synclinal  axis  and  is  probably  the  result  of  later  folding  of  the  axial- 
plane  cleavage. 

ZONE  OF  UPLIFT  AND  VARIABLE  FOLDING 

South  of  the  Mechanicsville  Thrust  and  the  recumbent  folds  in  the  vicinity 
of  Salunga  and  Mount  Joy,  the  structural  pattern  is  not  entirely  clear.  Both 
complex  and  simple  structures  are  present,  but  their  genetic  relationships  to 
each  other  and  to  the  zone  of  recumbent  folding  are  not  well  understood. 

Major  structures  in  the  eastern  part  of  the  zone  are  the  Neffsville  Anticline 
and  the  Eden  Syncline.  (Plate  2 and  Figure  6).  The  Neffsville  Anticline 
appears  to  be  a broad  anticlinal  uplift.  The  cleavage  syncline  (Figure  5) 
north  of  the  Mechanicsville  Thrust  may  be  the  hinge  on  which  the  Neffsville 
Anticline  was  uplifted.  In  the  crestal  area,  the  Neffsville  Anticline  has  been 
disrupted  by  numerous  small  faults.  The  south  flank  of  the  fold  is  down- 
thrown  by  a large  fault  just  south  of  the  Crestline. 

The  Eden  Syncline  is  a broad  open  fold  (Plate  2 and  Figure  6),  occurring 
south  of  the  Neffsville  Anticline.  South  of  the  Eden  Syncline  is  a broad  open 
anticline  which  extends  westward  to  the  vicinity  of  the  Chestnut  Hill  Anti- 
cline (Figure  6). 

The  North  Chestnut  Hill  Anticline,  Chestnut  Hill  Anticline,  Chickies 
Anticline,  and  the  Chickies  Thrust  (Plate  2 and  Figure  6)  are  the  major 
structural  features  in  the  western  part  of  the  zone. 

The  eastward-plunging  generalized  axis  of  the  North  Chestnut  Hill  Anti- 
cline turns  northeastward  and  strikes  toward  the  Neffsville  Anticline.  The 
North  Chestnut  Hill  Anticline  is  not  a simple  fold  but  rather  a series  of 
smaller  folds  whose  northeast  trend  may  indicate  that  it  is  earlier  than  the 
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Neffsville  Anticline.  Further  indications  of  multiple  folding  in  this  zone  can 
be  seen  in  the  Chickies  Anticline,  which  contains  tight  isoclinal  folds  whose 
axial  planes  strike  northeastward  across  the  general  easterly  trend  of  the 
fold  (Jonas  and  Stose,  1930,  p.  58;  Freedman,  Wise,  and  Bentley,  1964). 

The  north  flanks  of  the  Chickies  and  Chestnut  Flill  Anticlines  are  bordered 
by  the  Chickies  Thrust.  Sharp  curvature  of  the  fault  trace  on  the  west  side  of 
the  North  Chestnut  Hill  Anticline  is  interpreted  to  be  the  result  of  an  east- 
ward-plunging anticlinal  folding  of  the  fault  surface. 

ZONE  OF  DOMINANTLY  STEEP  ISOCLINAL  FOLDING 

On  the  south  side  of  the  Lancaster  quadrangle  is  a zone  of  steeply  dipping 
cleavages  that  strike  east  or  northeast.  At  the  west  end  of  this  zone  is  a series 
of  folds  whose  axial  planes  parallel  the  steep  cleavage.  The  North  Manor 
Hills  Anticline  (Plate  2 and  Figure  6)  is  a good  example  of  the  style  of  folding 
that  is  dominant  in  this  zone.  The  anticline  is  isoclinal,  slightly  overturned 
to  the  north,  and  has  a steep  southward-dipping  axial  plane  parallel  to  j 
cleavage.  I 

Fold  patterns  north  and  northeast  of  the  North  Manor  Hills  Anticline 
suggest  possible  multiple  folding  in  the  zone  of  steep  isoclinal  folding.  The  ' 
western  half  of  the  Mountville  Anticline,  the  Columbia  Syncline,  and  two 
small  folds  north  of  the  Mountville  Anticline  (in  the  vicinity  of  Donnerville) 
trend  northeastward,  whereas  the  eastern  half  of  the  Mountville  Anticline 
trends  east-west.  Gently  dipping  cleavages,  in  addition  to  the  more  typical 
steep  cleavages,  suggest  the  possibility  of  two  sets  of  cleavage.  It  is  believed 
that  the  north-easterly  trending  fold  system  is  earlier  and  may  be  related  to 
recumbent  folding  farther  north.  Small  refolded  folds  in  outcrops  of  the 
Conestoga  Formation  also  indicate  that  the  steep  isoclinal  fold  system  has 
been  superimposed  on  an  earlier  fold  system. 

South  of  the  North  Manor  Hills  Anticline  the  anticlinal  folds  are  largely 
disrupted  by  faulting.  Most  of  these  faults  are  interpreted  as  steep  south- 
ward-dipping  reverse  faults. 

STRUCTURAL  HISTORY 

The  structural  history  of  the  Lancaster  quadrangle  clearly  is  one  of  multi- 
ple events  beginning  early  in  the  Paleozoic  Era  and  ending  in  the  Triassic 
period.  The  general  sequence  of  these  events,  as  interpreted  by  the  authors, 
is  discussed  briefly  in  this  section. 

Epeirogenic  movements  that  caused  the  pre-Conestoga  and  pre-Cocalico 
unconformities  are  the  earliest  structural  events  recorded  in  the  carbonate 
rocks  of  the  Lancaster  quadrangle.  These  movements  occurred  between 
Middle  Cambrian  and  Middle  Ordovician  time,  according  to  the  strati- 
graphic position  of  the  unconformities. 
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Following  the  deposition  of  the  Conestoga  and  Cocalico  Formations,  > 
first  major  deformation  occurred.  At  this  time,  nappe  structures  and  axial- 
plane  cleavages  were  formed  that  dominate  the  structure  in  the  zone  of  re- 
cumbent folding.  The  effects  of  this  phase  of  deformation  probably  extend 
throughout  the  quadrangle,  although  little  evidence  of  recumbent  folding  is 
visible  in  the  carbonate  rocks  south  of  the  zone  of  recumbent  folding.  How- 
ever, according  to  Freedman,  Wise,  and  Bentley  (1964,  p.  636-637),  a single 
recumbent-fold  pattern  extends  from  a steeply  dipping  root  zone  in  the  south- 
eastern Piedmont  northward  through  the  nappe  structures  of  the  Great 
Valley. 

Most  of  the  thrust  faulting  present  probably  occurred  late  in  the  period  of 
recumbent  folding  or  shortly  thereafter.  Minor  thrusting  or  shearing  on  the 
overturned  limb  of  the  Manheim  Anticline  may  have  begun  slightly  earlier 
than  on  the  large  thrust  faults.  Strike-slip  faulting  and  some  local  warping 
of  the  axial-plane  cleavage  may  also  have  occurred  during  this  time. 

A second  major  deformational  phase  followed  or  perhaps  overlapped  the 
period  during  which  thrust  faulting  occurred.  In  the  southern  part  of  the 
quadrangle,  this  deformation  produced  isoclinal  or  near  isoclinal  folds, 
steeply  dipping  axial-plane  cleavage,  and  reverse  faults.  This  pattern  is  the 
D2  (second  deformation)  pattern  reported  by  Freedman,  Wise,  and  Bentley 
(1964)  in  the  area  south  of  the  Chickies  Anticline.  They  conclude  that  the 
pattern,  which  “.  . . maintains  a fairly  constant  strike  and  steep  dip  across 
the  Maryland  and  Pennsylvania  Piedmont  suggests  a deep  seated  regional 
origin.”  The  more  open  folds,  further  north,  such  as  the  Eden  Syncline  and 
the  Chestnut  Hill  Anticline,  were  probably  formed  during  this  phase  of 
deformation.  The  Neffsville  Anticline  may  also  have  been  formed  at  this 
time.  In  the  zone  of  recumbent  folding,  the  effects  of  this  phase  of  deforma- 
tion appear  as  open  folds  in  cleavage  and  bedding  or  broad  arches  such  as 
the  Brunnerville  Arch. 

The  variability  of  fold  types  from  broad  open  folds  to  tight  isoclinal  folds 
during  this  phase  of  deformation  is  probably  the  result  of  the  behavior  of 
different  rock  types  under  the  same  stresses  and  of  local  differences  in  the  in- 
tensity of  basement  deformation.  For  example,  in  the  zone  of  steep  isoclinal 
folding,  flowage  in  the  limestones  probably  controlled  the  isoclinal  forms  of 
the  folds.  Further  north,  in  the  zone  of  uplift  and  variable  folding,  the  inten- 
sity of  deformation  may  have  been  as  great,  but  the  rocks  are  largely  dolo- 
mite and  quartzite  that  apparently  reacted  to  the  stresses  mostly  by  flexing 
into  open  folds  or  by  fracturing.  In  the  zone  of  recumbent  folding,  where 
flexure  folding  also  occurred,  basement  deformation  was  probably  less  in- 
tense than  in  the  zone  of  isoclinal  folding. 

Following  the  second  major  phase  of  deformation,  additional  adjustments 
may  have  occurred.  Faults  as  late  as  Triassic  age  are  probably  present  in  the 
carbonate  rocks,  although  none  have  been  identified  as  such. 
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GEOMORPHOLOGY 

The  area  underlain  by  carbonate  rocks  in  the  Lancaster  quadrangle  has^ 
for  the  most  part,  a gently  rolling  topography.  Divides  between  perennial 
streams  generally  have  a maximum  altitude  of  between  400  and  480  feet 
above  mean  sea  level.  The  larger  streams  flow  generally  southward  and 
southwestward;  the  lower  stream  altitudes  at  the  south  and  southwest  edges 
of  the  quadrangle  are  approximately  230  to  290  feet  above  mean  sea  level. 
Hence,  maximum  relief  on  the  carbonate  rocks  is  no  more  than  250  feet. 
Local  relief  between  hilltops  and  adjacent  perennial  streams  is  considerably 
lower,  ranging  from  20  feet  to  approximately  200  feet. 

Relief  is  controlled  by  differences  in  the  ability  of  the  carbonate  rocks  to 
resist  erosion.  These  differences  are  caused  largely  by  variations  in  lithology 
and  rock  weaknesses  having  a structural  origin.  Average  local  relief  on  sev- 
eral stratigraphic  units  is  given  in  the  following  table: 

Average  local 

Stratigraphic  unit  topographic  relief  {feet) 

Contestoga  Formation  130 

Epler  Formation  45 

Stonehenge  Formation  40 

Conococheague  Group  75 

Zooks  Corner  Formation  80 

Ledger  Formation  50 

Kinzers  Formation  80 

The  Conestoga  Formation  has  much  greater  local  relief  and  is  generally 
much  more  finely  dissected  than  the  other  carbonate  rocks  (Plate  1).  These 
marked  differences  may  reflect  lithologic  contrasts  that  are  emphasized  by 
the  near  vertical  dip  of  cleavage  and  bedding  generally  present  in  the  Cone- 
stoga Formation. 

Relief  on  the  Epler,  Stonehenge,  and  Ledger  Formations  is  of  similar 
magnitude  and  lower  than  on  the  other  stratigraphic  units.  The  low  relief 
probably  results  from  the  relatively  uniform  ability  of  these  units  to  resist 
erosion.  The  inclusion  of  the  Epler  Formation  in  this  group  appears  anoma- 
lous at  first,  as  it  is  an  interbedded  limestone  and  dolomite  unit.  However,  a 
comparison  of  the  average  local  topographic  relief  on  the  Epler  with  relief 
on  the  interbedded  limestones  and  dolomites  of  the  Conococheague  Group 
suggests  that  the  noncarbonate,  rather  than  the  carbonate,  components 
cause  significant  differences  in  the  resistance  of  these  rocks  to  erosion.  The 
Epler  Formation  contains  little  noncarbonate  material  whereas  abundant 
clay,  silt,  and  quartz  sand  is  dispersed  heterogeneously  through  the  Conoco- 
cheague Group.  A similar  comparison  can  be  made  between  the  Ledger  and 
Zooks  Corner  Formations.  Although  both  are  dolomite  units,  the  Ledger 
forms  valleys  and  has  low  relief  whereas  the  Zooks  Corner  forms  ridges  and 
has  much  greater  relief.  The  significant  lithologic  component  causing  differ- 
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ences  in  resistance  to  erosion  of  these  units  again  appears  to  be  the  noncar- 
bonate materials  in  the  rocks.  The  Ledger  lacks  noncarbonate  materials, 
whereas  the  Zooks  Corner  contains  an  abundance  of  such  material  distrib- 
uted heterogeneously.  The  relatively  great  relief  on  the  Kinzers  Formation 
can  be  similarly  attributed  to  the  heterogeneous  distribution  of  concarbonate 
material  through  the  formation. 

The  landforms  in  the  quadrangle  are  due  principally  to  stream  sculpture 
on  carbonate  rocks  of  varying  resistance  to  erosion.  Although  many  sinkholes 
exist  in  the  area,  neither  sinkholes  nor  other  closed  depressions  are  promi- 
nent elements  of  topography.  Even  in  the  Lititz-Manheim  Valley,  where 
large  areas  are  devoid  of  surface  streams,  long  continuous  stream  channels 
predominate  and  closed  basins  are  rare. 

The  drainage  pattern  in  the  Lancaster  quadrangle  is  almost  entirely  den- 
dritic and  appears  to  be  only  slightly  controlled  by  structure  or  lithology  of 
the  rocks.  A small  area  (approximately  2 square  miles)  23/2-iTiilcs  northwest 
of  Lititz  does  have  a distinct  trellis  pattern  that  may  be  controlled  by  joint- 
ing. In  addition,  a study  of  over  300  straight  segments  of  stream  channels 
shows  appreciable  geologic  control  of  local  channel  orientations.  Two  major 
channel  directions  are  present;  one  is  parallel  to  the  strike  of  bedding,  and  a 
second  is  approximately  perpendicular  to  the  strike  of  bedding.  Because  of 
wide  variations  in  strike,  graphic  plots  (not  shown)  of  channel  orientations 
throughout  the  Lancaster  quadrangle  do  not  show  the  two  major  directions. 
However,  in  the  area  south  of  the  quartzite  ridge  (Chestnut  Hill,  Blossom 
Hill,  etc.),  strike  is  fairly  uniform  and  the  two  major  channel  orientations 
can  be  shown  in  a frequency  distribution  diagram  (Figure  7).  The  more 
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Figure  7.  Graph  showing  frequency  distribution  of  orientation  of  stream 
channel  segments  in  the  area  south  of  the  quartzite  ridges. 
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prominent  channel  orientation  (N  70°-80°E)  coincides  with  the  strike  of 
bedding  and  cleavage.  The  less  prominent  orientation  (N  10°-20°W)  is  ap- 
proximately perpendicular  to  the  strike  of  bedding  and  may  be  related  to  a 
joint  system  in  the  rocks. 

Because  of  the  partial  control  of  bedding  upon  stream  channel  orientations 
and  the  relatively  large  topographic  relief  of  the  Kinzers  Shale,  Zooks  Corner 
Formation,  and  the  Conococheague  Group,  these  units  form  prominent 
ridges  parallel  to  strike.  Some  strike  ridges  occur  also  on  the  Conestoga  and 
Epler  Formations.  The  Vintage,  Ledger,  and  Stonehenge  Formations,  on  the 
other  hand,  generally  form  lowlands,  rather  than  ridges. 

HYDROLOGY 

PRINCIPLES 

Ground  water  is  the  subsurface  water  in  that  part  of  the  zone  of  saturation 
in  which  all  the  interconnected  pores,  crevices,  and  voids  in  the  rock  are 
filled  with  water  under  pressure  equal  to  or  greater  than  atmospheric.  Rocks 
that  are  capable  of  yielding  usable  supplies  of  ground  water  to  wells  or 
springs  are  called  aquifers.  The  openings  that  contain  and  transmit  water  in 
an  aquifer  are  classified  as  primary  and  secondary.  Primary  openings  are  the 
interstitial  voids  formed  during  deposition  of  the  sediments.  The  secondary 
openings  are  formed  as  a result  of  crustal  movements,  solution,  or  rock- 
weathering processes  that  take  place  after  the  rock  is  formed. 

Ground  water  in  the  carbonate  rocks  of  the  Lancaster  quadrangle  occurs 
almost  entirely  in  the  secondary  openings.  Water-filled  openings  along  bed- 
ding and  cleavage  planes,  joints,  and  faults  can  supply  small  to  moderate 
amounts  of  water  for  domestic  and  farm  use.  Where  these  openings  have  been 
enlarged  by  solution,  larger  amounts  of  water  are  available  for  industrial  and 
municipal  use.  The  number  and  size  of  the  openings  and  the  degree  of  inter- 
connection between  them  determine  the  ability  of  the  carbonate  rocks  to 
store  water  and  to  transmit  it  to  wells  and  springs. 

Ground  water  is  customarily  divided  into  two  classes:  (1)  that  which 
occurs  under  artesian  conditions,  and  (2)  that  which  occurs  under  water- 
table  conditions.  Under  water-table  conditions,  ground  water  is  not  con- 
fined, and  the  upper  surface  of  the  zone  of  saturation,  called  the  water  table, 
is  free  to  fluctuate.  Where  ground  water  is  confined  under  hydrostatic  pres- 
sure in  a permeable  rock  by  relatively  impermeable  overlying  rocks,  the 
water  is  under  artesian  conditions.  When  an  artesian  aquifer  is  penetrated 
by  a well,  the  water  will  rise  in  the  well  above  the  upper  surface  of  the  aquifer 
to  a level  called  the  piezometric  surface. 

In  the  carbonate  rocks  of  the  Lancaster  quadrangle,  ground  water  is  con- 
fined within  crevices  and  solution  openings,  the  rock  walls  of  the  channels 
acting  as  the  impermeable  confining  material.  When  a well  penetrates  such 
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a water-bearing  opening,  the  water  will  rise  in  the  well  above  the  level  of  the 
opening  and,  thus,  might  be  considered  artesian.  How'ever,  as  there  are  no 
sharply  defined  aquifers  or  confining  beds,  the  carbonate  rocks  should  not  be 
thought  of  as  artesian  aquifers  but  rather  as  one  complex,  nonhomogeneous 
water-table  aquifer. 

Precipitation  is  the  source  of  all  ground  water  in  the  Lancaster  quad- 
rangle. The  precipitation  infiltrates  downward  through  the  soil  and  rock 
openings  to  the  zone  of  saturation.  Ground-water  recharge  takes  place  over 
most  of  the  area  underlain  by  the  carbonate  rocks  but  is  greatest  where  sur- 
face runoff  enters  the  ground  through  dry  stream  valleys  and  sinkholes. 
Within  the  zone  of  saturation,  ground  water  moves,  under  the  influence  of 
gravity,  downward  and  laterally  through  rock  openings  from  areas  of  re- 
charge (where  hydraulic  potentials  are  high)  to  points  of  discharge  (where 
hydraulic  potentials  are  low).  Ground-water  discharges  primarily  through 
seeps  and  springs  into  streams.  Base  flow  of  perennial  streams  such  as  Chick- 
ies.  Little  Conestoga,  and  Conestoga  Creeks  is  maintained  by  ground-water 
discharge. 

Under  natural  conditions  and  over  long  periods  of  time,  the  amount  of 
water  discharged  from  the  zone  of  saturation  is  equal  to  the  amount  of  water 
recharged  to  the  zone  of  saturation.  Ground-water  levels  fluctuate  in  re- 
sponse to  recharge  and  discharge — rising  when  recharge  exceeds  discharge 
and  declining  when  discharge  exceeds  recharge. 

WATER-BEARING  PROPERTIES  OF  THE  CARBONATE  ROCKS 

The  carbonate  rock  formations  of  the  Lancaster  quadrangle  differ  greatly 
in  their  capability  to  store  and  transmit  water.  Pumping  tests  of  1-hour  dura- 
tion were  made  on  247  wells  in  order  to  evaluate  the  ability  of  the  various 
carbonate  rock  formations  to  supply  water  to  wells.  The  results  of  the  tests 
are  given  in  Table  9 as  the  specific  capacity  of  each  well  after  1-hour  of 
pumping.  The  specific  capacity  of  a well  is  the  yield  of  a well  in  gallons  per 
minute  per  foot  of  drawdown.  Drawdown  is  the  difference  in  feet  between 
the  static  water  level  and  the  pumping  water  level.  Plate  1 shows  the  distri- 
bution of  specific  capacities  in  the  area  studied. 

These  calculated  specific  capacities  have  two  shortcomings.  First  a 1-hour 
test  may  be  inadequate  to  determine  the  performance  of  a well  over  long 
periods.  Second,  the  wells  in  most  cases  were  pumped  at  relatively  low  rates, 
generally  between  5 and  15  gpm.  In  an  aquifer  as  heterogenous  as  the  car- 
bonate rocks,  the  specific  capacity  of  a well  determined  at  a low  pumping 
rate  is  generally  higher  than  the  well’s  specific  capacity  at  a much  higher 
pumping  rate.  Because  of  these  shortcomings,  yields  of  wells  penetrating  car- 
bonate rocks  cannot  be  computed  from  specific  capacity  data  as  can  yields  of 
wells  penetrating  more  homogeneous,  isotropic  aquifers  of  wide  areal  extent. 

I The  principal  use  of  these  specific  capacities  is  to  permit  comparison  be- 
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tween  wells  that  tap  different  lithologies,  are  in  different  geologic  units,  are 
situated  in  different  topographic  locations,  or  are  drilled  to  different  depths. 
In  addition,  specific  capacities  are  useful  in  indicating,  in  a general  way,  the 
suitability  of  wells  for  various  purposes.  Wells  in  the  carbonate  rocks  that 
have  specific  capacities  of  less  than  0.08  are  generally  inadequate  or  barely 
adequate  for  domestic  use.  Specific  capacities  of  0.08  or  greater  are  generally 
sufficient  for  domestic  use.  Wells  having  specific  capacities  of  0.5  or  greater 
are  generally  suitable  for  small  public  supplies  and  some  industries.  Wells 
having  specific  capacities  of  5 or  greater  are  generally  suitable  for  public 
supply  and  industrial  use. 

Specific  capacities  of  the  247  wells  tested  range  from  0.02  to  600  gpm  per 
ft.  The  mean  and  median  specific  capacities  are  19  and  0.91  gpm  per  ft, 
respectively.  The  cumulative  frequency  distribution  of  specific  capacities  is 
shown  in  Figure  8.  Eighty-three  percent  of  the  specific  capacities  are  greater 
than  0.08  (the  minimum  considered  suitable  for  domestic  use)  58  percent  are 
greater  than  0.5  (the  minimum  considered  sufficient  for  small  public  supply 
systems  and  some  industries)  and  25  percent  are  greater  than  5.0  (the  mini- 
mum sufficient  for  public  supply  systems  and  industrial  use). 

Cumulative  frequency  distributions  of  specific  capacities  from  each  forma- 
tion (Figures  9,  10,  11  and  12)  form  the  basis  for  an  evaluation  of  the  capa- 
bility of  each  formation  to  supply  sufficient  water  to  wells  for  (a)  domestic 
use,  (b)  small  public  supply,  or  (c)  public  supply  and  industrial  use.  In  the 
discussion  that  follows  each  formation  is  evaluated  as  an  excellent,  very  good, 
good,  fair,  or  poor  source  of  ground  water  for  each  use  category.  An  excellent 
source  is  defined  as  81  to  100  percent  of  the  wells  having  specific  capacities 
greater  than  the  minimum  specific  capacity  considered  sufficient  for  that 
type  of  use  (0.08  for  domestic,  0.5  for  small  public  supply,  5.0  for  public 
supply).  Very  good  is  defined  as  61  to  80  percent,  good  as  41  to  60  percent, 
fair  as  21  to  40  percent,  and  poor  as  0 to  20  percent. 

Many  of  the  cumulative  frequency-distribution  plots  of  specific  capacity 
(Figures  8 through  15)  show  a change  in  slope  of  the  curve  for  specific  capaci- 
ties less  than  0.1.  This  change  in  slope  occurs  because  these  distributions  con- 
tain a relatively  large  number  of  specific  capacities  that  are  less  than  0.1, 
and  the  effect  of  borehole  storage  has  not  been  subtracted  from  specific  ca- 
pacity. Borehole  storage  provides  a major  portion  of  the  yield  used  in  com- 
puting the  specific  capacity  of  low-yielding  wells.  For  example,  the  specific 
capacity  of  a 6-inch  diameter  well,  pumped  for  1-hour,  that  yields  only  from 
borehole  storage  is  about  0.025.  Reasons  for  other  changes  in  slope  in  the 
frequency-distribution  plots  could  not  be  attributed  to  individual  factors  and 
are  probably  the  result  of  the  relatively  small  size  of  the  samples. 

Vintage  Formation 

The  Vintage  Formation  is  an  unimportant  source  of  water  in  the  Lan- 
caster quadrangle  because  of  its  small  areal  extent. 


Specific  capacity,  in  gallons  per  minute  per  toot  of  drawdown 
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igure  8.  Graph  showing  the  cumulative  frequency  distribution  of  specific 
capacities  of  247  wells  penetrating  the  carbonate  rocks. 
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Specific  capacities  of  seven  wells  in  the  Vintage  Formation  range  from 
0.12  to  74  gpm  per  ft.  The  mean  specific  capacity  is  12  and  the  median  is 
0.44.  The  frequency  distribution  of  specific  capacities  is  shown  in  Figure  9. 

Evaluation  oj  Vintage  Formation 


Domestic  use Excellent 

Small  public  supply Good 


Public  supply  or  industrial  use  . . Fair 


Kinzers  Formation 

The  Kinzers  Formation  is  an  unimportant  source  of  water  in  the  Lan- 
caster quadrangle  because  of  its  small  areal  extent. 

Specific  capacities  of  10  wells  in  the  formation  range  from  0.05  to  38  gpm 
per  ft.  The  mean  specific  capacity  is  7.8  and  the  median  is  1 .0.  The  frequency 
distribution  of  specific  capacities  is  shown  in  Figure  9. 


Evaluation  of  Kinzers  Formation 


Domestic  use Excellent 

Small  public  supply Very  good 


Public  supply  or  industrial  use  . . Fair 


Ledger  Formation 

Thirty  pumping  tests  made  in  the  Ledger  Formation  indicate  that  it  is  the 
highest  yielding  formation  of  Cambrian  age  in  the  Lancaster  quadrangle. 
Specific  capacities  range  from  0.16  to  130  gpm  per  ft.  The  mean  specific  ca- 
pacity is  13  and  the  median  is  2.5.  The  frequency  distribution  of  specific  | 
capacities  is  shown  in  Figure  10. 

Evaluation  of  Ledger  Formation 


Domestic  use Excellent 

Small  public  supply Excellent 


Public  supply  or  industrial  use  . . Fair 

Zooks  Corner  Formation 

Twenty-four  pumping  tests  in  the  Zooks  Corner  Formation  indicate  that 
it  is  one  of  the  lower  yielding  carbonate-rock  formations  in  the  Lancaster 
quadrangle.  Specific  capacities  range  from  0.04  to  46  gpm  per  ft.  The  mean 
specific  capacity  is  2.5  and  the  median  is  0.12.  The  frequency  distribution  of 
specific  capacities  is  shown  in  Figure  10. 


Evaluation  of  ^ooks  Corner  Formation  i 

Domestic  use Very  good  | f 

Small  public  supply Fair  , 

Public  supply  or  industrial  use  . . Poor  I 


Specific  capacity,  in  gallons  per  minute  per  foot  of  drawdown 
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Percent  of  wells  m which  specific  capacities  are  equal  toor  greater  than  value  shown 


Figure  9.  Graph  showing  the  cumulative  frequency  distribution  of 
specific  capacities  of  wells  penetrating  the  Vintage  and 
Kinzers  Formations. 
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Percent  of  wells  in  which  specific  capacities  are  equal  toor  greater  than  value  shawn 

Figure  10.  Graph  showing  the  cumulative  frequency  distribution  of; 

specific  capacities  of  wells  penetrating  the  Ledger,  Zooks] 
Corner,  Buffalo  Springs,  and  Snitz  Creek  Formations. 
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Buffalo  Springs  and  Snitz  Creek  Formations 

Specific  capacities  of  24  wells  in  the  Buffalo  Springs  Formation  and  the 
Buffalo  Springs-Snitz  Creek  Formations  undivided  (no  specific  capacities  are 
available  from  the  Snitz  Creek  Formation)  range  from  0.03  to  200  gpm  per 
ft.  The  mean  specific  capacity  is  11  and  the  median  is  0.2. 

Evaluation  of  the  Buffalo  Springs  Formation  and  the  Buffalo  Springs-Snitz  Creek  Formations  undivided 


Domestic  use Very  good 

Small  public  supply Fair 


Public  supply  or  industrial  use  . . Poor 


Millbach  Formation 

The  Millbach  Formation  is  one  of  the  lower  yielding  carbonate-rock  for- 
mations in  the  Lancaster  quadrangle.  Specific  capacities  of  six  wells  range 
from  0.02  to  1.6  gpm  per  ft.  The  mean  and  median  specific  capacities  are  0.5 
and  0.14,  respectively.  The  frequency  distribution  of  specific  capacities  is 
shown  in  Figure  11. 


Evaluation  of  Millbach  Formation 


Domestic  use Very  good 

Small  public  supply Fair 


Public  supply  or  industrial  use  . . Poor 


Richland  Formation 

The  Richland  Formation  is  an  unimportant  source  of  water  in  the  Lan- 
caster quadrangle  because  of  its  small  areal  extent.  It  is  also  one  of  the  lower 
yielding  carbonate  rocks  in  the  Lancaster  quadrangle.  Specific  capacities  of 
five  wells  range  from  0.03  to  6.3  gpm  per  ft.  The  mean  specific  capacity  is 
1.4  and  the  median  is  0.14.  The  frequency  distribution  of  specific  capacities 
is  shown  in  Figure  1 1 . 


Evaluation  of  Richland  Formation 


Domestic  use Good 

Small  public  supply Fair 

Public  supply  or  industrial  use Poor 


Stonehenge  Formation 

The  Stonehenge  Formation  is  the  highest  yielding  carbonate-rock  forma- 
' ion  in  the  Lancaster  quadrangle.  Specific  capacities  of  17  wells  range  from 
j ).07  to  500  gpm  per  ft.  The  mean  specific  capacity  is  121  and  the  median  is 
.2.  The  frequency  distribution  of  specific  capacities  is  shown  on  Figure  11. 


Specific  capacity,  in  gallons  per  minute  per  foot  of  drawdown 
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Percent  of  wells  in  which  specific  capacities  are  equol  toor  greater  than  value  shown 

Figure  11.  Graph  showing  the  cumulative  frequency  distribution  of 
specific  capacities  of  wells  penetrating  the  Millbach,  Richland, 
and  Stonehenge  Formations. 
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Evaluation  oj  Stonehenge  Formation 


Domestic  use Excellent 

Small  public  supply Excellent 


Public  supply  or  industrial  use  . , Very  good 

Specific  capacities  of  Stonehenge  wells  appear  to  be  generally  higher  in  the 
Lititz  belt  than  in  the  Mount  Joy  belt.  An  evaluation  of  these  areas  is  given 
below. 

Aerial  evaluation  of  the  Stonehenge  Formation 

Mount  Joy  belt  Lititz  belt 

Domestic  use Excellent  Excellent 

Small  public  supply Very  good  Excellent 

Public  supply  or  industrial  use  Good  Very  good 

Epler  Formation 

Specific  capacities  of  50  wells  in  the  Epler  Formation  range  from  0.03  to 
600  gpm  per  ft.  The  mean  specific  capacity  is  21  and  the  median  is  0.50.  The 
frequency  distribution  of  specific  capacities  is  shown  in  Figure  12. 

Evaluation  of  Epler  Formation 


Domestic  use Very  good 

Small  public  supply Good 


Public  supply  or  industrial  use  . .Fair 


Specific  capacities  of  Epler  wells  appear  to  be  generally  higher  in  the 
Mount  Joy  belt  than  in  the  Lititz  belt.  An  evaluation  of  the  Epler  Formation 
in  these  areas  is  given  below. 

Areal  evaluation  of  the  Epler  Formation 

Mount  Joy  belt  Lititz  belt 

Domestic  use Excellent  Very  good 

Small  public  supply Good  Fair 

Public  supply  or  industrial  use  Fair  Poor 


Ontelaunee,  Annville,  and  Myerstown  Formations 

The  Ontelaunee,  Annville,  and  Myerstown  Formations  are  unimportant 
sources  of  water  in  the  Lancaster  quadrangle  because  of  their  very  small  areal 
extent. 

Two  wells  in  the  Ontelaunee  Formation  have  specific  capacities  of  0.10 
and  2.2  gpm  per  ft.  One  well  penetrating  both  the  Annville  and  Ontelaunee 
Formations  has  a specific  capacity  of  0.16.  The  specific  capacity  of  one  well 
in  the  Myerstown  Formation  is  0.2. 

Conestoga  Formation 

Specific  capacities  of  63  wells  in  the  Conestoga  Formation  range  from 
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Percent  of  wells  in  which  specific  copacities  ore  equal  toor  greater  than  volue  shown 

Fig  ure  12.  Graph  showing  the  cumulative  frequency  distribution  of 
specific  capacities  of  wells  penetrating  the  Epier  and  Cones- 
toga Formations. 
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0.02  to  130  gpni  per  ft.  The  mean  specific  capacity  is  9.9  and  the  median  is 
2.6.  The  frequency  distribution  of  specific  capacities  is  shown  in  Figure  12. 

Evaluation  of  Conestoga  Formation 


Domestic  use Excellent 

Small  public  supply Very  good 


Public  supply  or  industrial  use  . . Fair 

Relation  of  Specific  Capacity  to  Lithology 

The  stratigraphic  divisions  of-  the  carbonate  rocks  are  based  primarily  on 
lithologic  differences.  Therefore,  a relationship  between  specific  capacity  and 
stratigraphy  is  also  a relationship  between  specific  capacity  and  lithology. 

When  the  cumulative  frequency-distribution  plots  of  specific  capacity  for 
each  stratigraphic  unit  are  analyzed  in  relation  to  the  lithologic  character  of 
the  unit,  several  lithologic  characteristics  appear  to  be  significant  in  determin- 
ing the  yield  capabilities  of  the  carbonate  rocks.  These  characteristics  are: 
(1)  the  species  of  carbonate  rocks  (limestone  or  dolomite),  (2)  the  amount  of 
noncarbonate  clay,  silt,  and  sand  present,  and  (3)  the  coarseness  of  crystal- 
linity of  the  rock. 

Cumulative  frequency  distributions  of  specific  capacities  for  stratigraphic 
units  grouped  according  to  the  species  of  carbonate  rock  (Table  1)  have 
median  specific  capacities  of  2.6  for  limestone  units,  0.91  for  dolomite  units, 
and  0.33  for  interbedded  limestone  and  dolomite  units.  However,  plots  of  the 
distributions  (not  shown)  do  not  fully  support  the  relationships  implied  by 
the  median  specific  capacities.  Distribution  plots  of  specific  capacities  for 
dolomite  units  and  for  interbedded  limestone  and  dolomite  units  do  not  show 
any  clear  relationship.  In  contrast,  the  plot  of  specific-capacity  distributions 
for  limestone  units  is  sufficiently  different  from  the  other  categories  to  suggest 
that  limestones  may  have  greater  yield  capabilities  than  dolomite  or  inter- 
bedded limestone  and  dolomite. 

Figure  13  shows  the  cumulative  frequency  distribution  of  specific  capaci- 
ties for  stratigraphic  units  grouped  in  two  categories,  according  to  their  rela- 
tive amounts  of  noncarbonate  clay,  silt,  and  sand,  as  determined  by  field 
observations.  The  Conestoga  Formation  was  excluded  from  the  distributions 
because  of  uncertainty  concerning  the  amount  of  noncarbonate  clay,  silt, 
and  sand  in  the  unit.  The  median  specific  capacity  is  1.5  for  wells  in  units 
having  a relatively  low  noncarbonate  content  and  is  .22  for  wells  in  units 
having  a relatively  high  noncarbonate  content.  Therefore,  the  presence  of 
noncarbonate  clay,  silt,  and  sand  apparently  reduces  the  yield  capabilities 
of  carbonate  rocks. 

The  Ledger  Formation  has  a very  low  noncarbonate  content  relative  to 
the  other  stratigraphic  units,  but  it  is  also  generally  coarsely  or  very  coarsely 
:rystalline.  Therefore,  either  or  both  of  these  lithologic  characteristics  prob- 
ably are  important  factors  that  contribute  to  the  relatively  high  yield  capa- 
bility of  the  Ledger. 


Specific  capacity,  m gallons  per  minute  per  toot  of  drawdown 
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Percent  of  wells  in  which  specific  capacities  are  equal  toor  greater  than  value  shown 

Figure  13.  Graph  showing  the  cumulative  frequency  distribution  of 
specific  capacities  for  stratigraphic  units  grouped  according  tc 
their  relative  amounts  of  noncarbonate  clay,  silt,  and  sand. 


specific  capacity,  in  gollons  per  minute  per  foot  of  drawdown 
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Percent  of  wells  m which  specific  capacities  are  equal  toor  greater  than  value  shown 

i 

figure  14.  Graph  showing  the  cumulative  frequency  distribution  of 
: specific  capacities  of  wells  grouped  according  to  topographic 

position. 
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Relation  of  Specific  Capacity  to  Topography 

Specific  capacity  appears  to  be  related  to  the  topographic  position  of  wells. 
Figure  14  shows  cumulative  frequency  distribution  plots  of  specific  capacity 
for  wells  grouped  according  to  topographic  position.  Wells  in  the  Conestoga 
Formation  are  not  included  in  the  plots  because  the  topography  of  this  forma- 
tion is  not  readily  divisible  into  positions  similar  to  the  other  carbonate  for- 
mations. The  plots  in  Figure  14  indicate  generally  that  the  specific  capacities 
of  wells  in  valleys  are  greater  than  those  of  wells  in  topographic  positions 
intermediate  between  valleys  and  ridges,  and  that  specific  capacities  are 
least  in  wells  on  ridges. 

Probably  the  clearest  indication  of  diflferences  between  the  specific  capaci- 
ties of  wells  in  the  three  topographic  positions  is  the  distribution  of  wells  hav- 
ing high  specific  capacities.  Thirteen  of  the  18  wells  having  specific  capacities 
greater  than  50  gpm  per  ft  are  in  valleys,  4 are  intermediate  in  position,  and 
only  1 is  on  a ridge.  Of  11  wells  having  specific  capacities  greater  than  IOC 
gpm  per  ft,  8 are  in  valleys,  3 are  in  intermediate  positions,  and  none  are  on 
ridges. 

A similar  general  relationship  exists  between  specific  capacity  and  topog- 
raphy for  individual  stratigraphic  units.  Although  the  plotted  distributions 
are  not  shown,  the  results  are  summarized  in  Table  5. 

Only  the  Zooks  Corner  Formation  appears  to  show  an  anomalous  relation- 
ship between  specific  capacity  and  topography.  Wells  in  either  valley  or  ridge 
positions  have  median  specific  capacities  that  are  almost  identical  to  each 
other  and  lower  than  for  wells  in  intermediate  positions.  However,  6 of  the  7 

Table  5.  Median  specific  capacity  of  wells  separated  by  stratigraphic 
unit  and  grouped  according  to  topographic  position 

Valley  positions  Intermediate  positions  Ridge  positions 
Median’  Number  Median’  Number  Median’  Number 


Stratigraphic  unit 

specific 

capacity 

of 

wells 

specific 

capacity 

of 

wells 

specific 

capacity 

of 

wells 

All  units^ 

1.6 

70 

0.5 

76 

0.21 

37 

Stonehenge 

Formation 

74 

11 

6 

3 

1 .7 

3 

Ledger  Formation 

2.6 

17 

2.5 

8 

.67 

5 

Epler  Formation 

1 .7 

18 

.51 

23 

.06 

9 

Conococheague 

Group 

.45 

14 

.17 

13 

.08 

7 

Zooks  Corner 

Formation 

.1 

7 

.9 

11 

.09 

7 

’ Specific  capacity  in  gallons  per  minute  per  foot  of  drawdown. 
2 Excludes  Conestoga  Formation. 
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wells  in  valley  positions  are  in  narrow  valleys  that  cut  sharply  into  the  ridges 
that  generally  form  on  the  Zooks  Corner  Formation.  Therefore,  these  valleys 
may  not  be  comparable  to  the  broad  valleys  usually  formed  on  the  other 
stratigraphic  units  analyzed  in  Table  5. 

Relation  of  Specific  Capacity  to  Structure 

Attempts  to  relate  specific  capacity  to  the  position  of  wells  with  respect  to 
folds  or  faults  were  unsuccessful.  Preliminary  studies  of  well  locations  on  or 
near  fracture  traces  visible  on  aerial  photographs  failed  to  indicate  that  such 
wells  have  specific  capacities  greater  than  those  for  wells  in  other  locations. 
Therefore,  the  relationships  of  well  yields  to  fracture  traces  was  not  investi- 
gated further. 

No  attempt  was  made  to  compare  specific  capacities  of  wells  in  different 
structural  zones,  because  differences  in  stratigraphy  between  zones  would 
mask  any  relationships.  Areal  differences  in  the  Stonehenge  and  Epler  For- 
mations occur  within  the  zone  of  recumbent  folding  and  may  be  related  to 
either  structure  or  lithology. 

Relation  of  Specific  Capacity  to  Depth  of  Wells 

Specific  capacities  of  wells  in  the  carbonate  rocks  appear  to  be  inversely 
related  to  the  depths  of  the  wells.  Figure  15  shows  the  cumulative  frequency 
distribution  of  specific  capacities  of  wells  grouped  according  to  their  depth. 

Table  6.  Median  specific  capacities  of  wells  separated  by  stratigraphic 
unit  and  grouped  according  to  well  depth 

0 to  99  feet*  100  to  199  feet*  200  to  600  feet* 

Median^  Number  Median^  Number  Median^  Number 


Stratigraphic  unit 

specific 

capacity 

of 

wells 

specific 

capacity 

of 

wells 

specific 

capacity 

of 

wells 

All  units 

2.9 

83 

0.51 

81 

0.08 

32 

Stonehenge 

Formation 

16 

9 

21 

4 

3.25 

2 

Ledger  Formation 

2.9 

19 

.5 

6 

.67 

3 

Conestoga 

Formation 

3.4 

22 

2.4 

18 

.11 

7 

Epler  Formation 

5.1 

8 

.49 

24 

.1 

7 

Conococheague 

Group 

4.6 

8 

.28 

12 

.04 

6 

Zooks  Corner 

Formation 

.96 

5 

.14 

12 

.06 

5 

* Depth  of  wells  below  land  surface. 

^ Gallons  per  minute  per  foot  of  drawdown. 
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Figure  15.  Graph  showing  the  cumulative  frequency  distribution  ol 
specific  capacities  of  wells  grouped  according  to  depth. 
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In  general,  shallow  wells  have  the  higher  specific  capacities  and  deeper  wells 
have  the  lower  specific  capacities.  This  relationship  is  shown  also  in  Table  6, 
which  gives  the  median  specific  capacity  for  wells  grouped  according  to 
depth.  The  median  specific  capacity,  for  all  units  combined,  decreases  from 
2.9  for  wells  less  than  100  feet  deep  to  0.08  for  wells  more  than  200  feet  deep. 
The  same  inverse  relationship  of  specific  capacity  to  depth  of  wells  is  shown 
in  Table  6 for  individual  stratigraphic  units,  although  some  exceptions  in  the 
trend  do  occur.  Such  exceptions  are  probably  caused  by  the  small  size  of  the 
sample  and,  therefore,  do  not  necessarily  reflect  the  actual  distribution  of 
specific  capacities  with  well  depth. 

This  relationship  of  specific  capacity  to  well  depth  indicates  that  for  wells 
that  encounter  insufficient  supplies  of  water  (for  the  intended  use)  at  depths 
less  than  200  feet,  deepening  the  well  is  less  likely  to  provide  the  needed  water 
than  drilling  another  well. 

GROUND  WATER  CONTRIBUTION  TO  STREAMFLOW 

The  average  discharge  of  Little  Conestoga  Creek  at  the  Conestoga  Coun- 
try Club  (38.2  square  mile  drainage  area)  for  the  period  January  1964 
through  December  1964  was  43  cfs  (1.13  cfs  per  sq  mi  of  drainage  basin). 
Based  on  a study  of  streamflow  hydrographs  of  runoff  peaks  and  antecedent 
flow,  ground-water  discharge  is  estimated  to  be  33  cfs  (0.86  cfs  per  sq  mi  of 
drainage  basin).  Ground-water  discharge  constitutes  approximately  77  per- 
cent of  the  total  streamflow. 

SPECIFIC  YIELD  IN  THE  LITTLE  CONESTOGA  CREEK  BASIN 

Specific  yield  is  a measure  of  the  storage  capacity  of  an  aquifer  and  is  de- 
fined as  the  ratio  of  the  volume  of  water  that  will  drain  from  a saturated  rock 
to  the  total  volume  of  dewatered  rock.  This  parameter  is  called  gravity  yield 
by  Olmsted  and  Hely  (1962).  The  average  specific  yield  (SY)  of  the  carbon- 
ate rocks  within  the  Little  Conestoga  Creek  drainage  basin  above  the  Cones- 
toga Country  Club  can  be  determined  from  the  equation  (Meisler,  1963, 
p.  32) 

q = R + (AV  X SY)  (1) 

where 

q is  the  quantity  of  ground-water  discharged  from  the  basin  into  Little 
Conestoga  Creek  above  the  Conestoga  Country  Club  during  a given 
time  interval, 

R is  the  total  quantity  of  recharge  added  to  the  rocks  within  the  ground- 
water  basin  during  the  time  interval,  and 

AV  is  the  change  in  volume  of  unwatered  rock  during  the  time  interval. 

During  periods  of  no  recharge  equation  (1)  becomes 


q = AV  X SY 


(2) 
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Periods  of  several  days  length,  during  which  no  precipitation  or  snow  melt- 
ing took  place,  were  assumed  to  be  periods  of  no  recharge.  Each  period  was 
started  at  least  three  days  after  a rainfall  in  order  to  allow  direct  surface  run- 
off to  leave  the  basin.  Thus,  the  entire  stream  discharge  at  the  Conestoga 
Country  Club  during  these  periods  was  assumed  to  be  ground-water  dis- 
charge and  was  determined  by  applying  known  stage-discharge  relations  to 
stage-recorder  charts.  The  calculations  of  specific  yield  for  two  of  the  periods 
are  shown  below: 

August  23-24,  1964 


q = 8.4  cfs  = 50.8  X 10^  ft^  of  water  in  7 days 
AV  = 0.18  ft  (average  7-day  decline  in  four  wells)  X 1.06  X 10^  ft^  (area 
of  basin) 


SY  = 


50.8  X 10^  ft^ 
0.191  X 10^  ft^ 


0.027 


June  5-12,  1966 

q = 15.3  cfs  = 105.8  X 10®  ft®  of  water  in  8 days 
AV  = 0.16  ft  (average  8-day  decline  in  four  wells)  X 1.06  X 10®  ft®  (area 
of  basin) 


SY  = 


105.8  X 10®  ft® 
0.170  X 10®  ft® 


= 0.062 


Ideally,  AV  should  be  determined  from  water-level  maps  constructed  at 
the  beginning  and  end  of  each  period  used.  Because  data  to  construct  such 
maps  were  not  available,  AV  was  determined  by  multiplying  the  area  within 
the  ground-water  basin  by  the  average  decline  in  water  level  in  four  widely- 
spaced  observation  wells  in  the  basin.  The  accuracy  of  the  calculated  specific 
yield  depends  upon  how  closely  the  average  water-level  decline  in  the  four 
observation  wells  approximates  the  average  water-level  decline  in  the  entire 
basin. 

The  approximate  average  specific  yield  of  the  zone  of  water-table  fluctua- 
tion in  the  carbonate  rocks  of  the  Little  Conestoga  Creek  drainage  basin 
above  the  Conestoga  Country  Club,  as  calculated  from  11  periods  ranging 
in  length  from  5 to  14  days  of  no  precipitation,  is  .04  or  4 percent.  Specific 
yields  calculated  by  similar  methods  in  some  other  areas  in  Pennsylvania  are 
as  follows;  carbonate  rocks  of  the  Lebanon  Valley,  5 percent  (Meisler,  1963); 
Brandywine  Creek  Basin,  7.0  percent  (Olmsted  and  Hely,  1962). 


WATER-LEVEL  FLUCTUATIONS 


Ground-water  levels  fluctuate  in  response  to  recharge  and  discharge. 
Water  levels  rise  when  recharge  exceeds  discharge  (during  periods  of  rain- 
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fall  or  snowmelt)  and  decline  when  discharge  exceeds  recharge  (during 
periods  between  rainfall). 

Continuous  water-level  measurements  have  been  recorded  for  four  wells 
in  the  Lancaster  quadrangle  for  a period  of  approximately  3 years.  Hydro- 
graphs of  two  of  these  wells  (004-620-7  and  005-623-2)  and  precipitation  at 
Lancaster,  Pa.  are  shown  on  Figure  16.  The  hydrograph  of  well  004-620-7 
clearly  shows  water-level  fluctuations  from  season  to  season.  Water  levels  in 
this  well  rise  through  the  winter  months,  reaching  a peak  in  the  spring,  then 
decline  through  the  growing  season  to  a low  in  the  fall. 

Seasonal  water-level  fluctuations  are  caused  by  changes  in  recharge.  In 
the  growing  season,  recharge  rates  are  reduced  substantially  by  transpiration 
from  vegetation.  In  the  winter,  most  vegetation  is  dormant  and  recharge 
rates  increase.  The  exact  month  during  which  the  lowest  and  highest  water 
levels  are  attained  differs  from  year  to  year  depending  upon  the  amount, 
type,  and  distribution  of  precipitation  relative  to  other  factors,  such  as  peri- 
ods of  frozen  ground  and  the  dates  on  which  the  growing  season  begins  and 
ends.  For  example,  the  peak  water  level  in  well  004-620-7  was  attained  later 
(early  May)  in  spring  of  1964  than  in  1965  and  1966  because  of  exception- 
ally heavy  rainfall  throughout  April  and  the  early  part  of  May  1964.  Abun- 
dant rainfall  in  April  and  May  1966  caused  a May  1966  peak  in  the  water 
level  in  this  well,  but  this  peak  was  lower  than  the  March  1966  peak.  The 
hydrograph  for  well  005-623-2  does  not  show  seasonal  water-level  variations 
as  sharply  as  well  004-620-7,  but  water  levels  are  higher  in  the  winter  and 
early  spring  than  in  summer. 

Long-term  water-level  trends  can  be  correlated  with  long-term  climatic 
cycles.  Water  levels  are  generally  higher  during  periods  of  above-normal 
precipitation  and  lower  during  periods  of  below-normal  precipitation.  The 
record  of  water  levels  in  the  Lancaster  quadrangle  is  too  short  to  indicate  any 
long-term  trend. 

The  effect  of  individual  rainfalls  on  ground-water  levels  is  shown  by  the 
hydrograph  of  wells  004-620-7  and  005-623-2  (Figure  16).  In  well  005- 
623-2,  small  rises  in  water  level  accompany  almost  every  period  of  rainfall, 
and  the  response  of  water  levels  in  the  well  to  three  individual  rainfalls  is 
clearly  shown  in  the  large  scale  hydrograph  in  Figure  17. 

Figure  17  shows  also  small  semidiurnal  water-level  fluctuations  attributed 
to  earth  tides  produced  by  the  attraction  exerted  on  the  earth’s  crust  by  the 
moon  and,  to  a lesser  extent,  the  sun.  The  two  daily  cycles  of  fluctuations 
occur  about  50  minutes  later  each  day  and  the  water-level  troughs  coincide 
with  the  transit  of  the  moon  at  upper  and  lower  culmination  (Richardson, 
1956,  p.  461  and  Todd,  1959,  p.  168). 

GROUND  WATER  USE 

The  total  amount  of  ground  water  that  was  used  from  carbonate  rocks  of 
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the  Lancaster  quadrangle  in  1965  is  estimated  to  be  between  1.2  and  1.3 
billion  gallons.  Public  supply  systems  used  approximately  500  million  gallons 
and  industry  used  approximately  310  million  gallons  in  1965,  according  to  a 
compilation  of  data  obtained  from  the  Bureau  of  Statistics,  Pennsylvania 
Department  of  Internal  Affairs.  Increased  use  of  ground  water  in  recent 
years  is  shown  by  the  fact  that  public  supply  systems  used  only  350  million 
gallons  in  1961.  The  remaining  400  to  500  million  gallons  of  the  total  ground 
water  used  is  an  estimate  of  pumpage  from  residence  and  farm  wells  in  the 
quadrangle.  This  estimate  is  based  on  a population  of  11,500  people  in  the 
Lancaster  quadrangle  who  do  not  live  within  a public  supply  system  service 
area  and  a per  capita  water  requirement  of  75  gallons  per  day  (U.S.  Depart- 
ment of  Health,  Education,  and  Welfare,  1962,  pub.  no.  24,  Table  1).  The 
population  estimate  was  derived  from  1960  U.S.  Bureau  of  Census  statistics 
for  civil  divisions  of  Lancaster  County.  The  residence  and  farm  well  pumpage 
calculation  also  includes  about  100  million  gallons  estimated  for  watering 
livestock. 


ugure  17.  Hydrograph  of  well  005-623-2  and  precipitation  at  Landis- 
ville,  Pa. 


60 


LANCASTER  HYDROGEOLOGY 


QUALITY  OF  WATER 

Dissolved  mineral  matter  in  ground  water  is  derived  from  soluble  mineral 
matter  in  the  atmosphere,  soil,  and  rocks  through  which  the  water  moves. 
However,  the  chemical  quality  of  ground  water  is  governed  chiefly  by  the 
nature  of  the  soil  and  rock  through  which  the  water  passes  and  by  the  length 
of  time  the  water  has  been  in  contact  with  these  materials.  In  addition,  hu- 
man activities  such  as  the  discharge  of  sewage,  the  use  of  fertilizers  and  in- 
secticides, and  the  burial  of  refuse  in  sanitary  landfills  may  greatly  affect  the 
type  and  amount  of  dissolved  mineral  matter  in  ground  water. 

The  evaluation  of  the  quality  of  water  in  the  carbonate  rocks  of  the  Lan- 
caster quadrangle  is  based  upon  the  70  chemical  analyses  from  53  wells  and 
springs  listed  in  Table  11. 

Ground  water  in  the  carbonate  rocks  of  the  Lancaster  quadrangle  is  of  the 
calcium  bicarbonate  type.  The  major  cations  in  the  water  in  order  of  abun- 
dance are:  calcium  (Ca),  magnesium  (Mg),  sodium  (Na),  and  potassium 
(K).  The  major  anions  in  order  of  abundance  are:  bicarbonate  (HCO3), 
sulfate  (SO4),  nitrate  (NO3),  chloride  (Cl),  and  fluoride  (F). 

The  median,  10-percentile,  and  90-percentile  concentrations  of  each  of 
these  constituents  and  of  other  constituents  and  properties  of  the  ground 
water  are  given  in  Table  7. 

Ground  water  in  the  Conestoga  Formation  is  generally  higher  in  silica. 


Table  7.  Summary  of  chemical  quality  of  ground  water 


Constituent 

Concentration  in  ppm, 

except  for  pH^ 

property 

10  percentile^ 

Median 

90  percentile^ 

Iron  (Fe) 

0.00 

0.05 

0.23 

Calcium  (Ca) 

59 

85 

128 

Magnesium  (Mg) 

11 

21 

40 

Sodium  (Na) 

3.8 

7.0 

27 

Potassium  (K) 

1.5. 

2.4 

15 

Bicarbonate  (HCO3) 

191 

269 

376 

Sulfate  (SO4) 

16 

40 

89 

Chloride  (Cl) 

9.2 

17 

62 

Fluoride  (F) 

.0 

.0 

.2 

Nitrate  (NO3) 

9.8 

38 

95 

Dissolved  solids 

288 

390 

586 

Total  hardness  (as  CaCOs) 

244 

300 

430 

pH 

7.14 

7.46 

7.68 

1 Based  on  53  samples  (one  sample  from  each  well  or  spring)  except  dissolved  solids, 
which  is  based  on  50  samples. 

2 Ten  percent  of  samples  have  concentrations  equal  to  or  less  than  the  value  shown. 

^ Ninety  percent  of  samples  have  concentrations  equal  to  or  less  than  the  value  shown. 
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calcium,  sodium,  sulfate,  chloride,  nitrate,  and  dissolved  solids  than  is  the 
water  in  the  other  carbonate  rocks — as  shown  in  the  following  table. 


Median  concentration  in  ppm 


Constituent 

Conestoga 

Formation* 

All  carbonate  rocks 
excluding 

Conestoga  Formation^ 

Silica  (Si02) 

11.5 

7.7 

Calcium  (Ca) 

118 

75 

Sodium  (Na) 

15 

4 

Sulfate  (SO4) 

77 

27 

Chloride  (Cl) 

28 

13 

Nitrate  (NO3) 

61 

30 

Dissolved  solids 

495 

352 

1 Based  on  14  samples 

2 Based  on  39  samples 

For  the  most  part,  these  higher  concentrations  result  from  contamination 
in  the  area  near  Lancaster  and  Millersville.  However,  the  higher  concentra- 
tion of  silica  may  represent  leaching  of  siliceous  metamorphic  minerals  that 
are  widespread  in  the  Conestoga  Formation.  An  abundance  of  disseminated 
pyrite  (FeS2)  crystals  throughout  the  Conestoga  Formation  may  account  in 
part  for  the  higher  sulfate  content  of  ground  water  from  this  formation. 

CHEMICAL  CONTAMINATION 

Some  chemical  constituents  in  ground  water  from  the  carbonate  rocks  of  the 
Lancaster  quadrangle  occur  in  quantities  large  enough  to  indicate  that  some 
contamination  is  taking  place  as  a result  of  waste  disposal.  A few  constitu- 
tents  are  present  in  undesirably  large  quantities  in  the  water  from  some  wells 
and,  thus,  limit  the  usefulness  of  the  water  or  require  it  to  be  treated. 

Hardness,  which  is  caused  chiefly  by  calcium  and  magnesium  ions  in  the 
water,  is  a result  of  the  natural  leaching  of  the  carbonate  rocks  and  need  not 
be  a result  of  waste  disposal.  Hardness  of  water  forms  scale  in  boilers,  water 
heaters,  and  pipes,  and  consumes  soap.  Water  from  the  carbonate  rocks  is 
very  hard — only  one  well  and  one  spring  of  the  53  wells  and  springs  sampled 
yielded  water  having  a hardness  of  less  than  200  ppm. 

The  most  widespread  chemical  contaminant  in  the  carbonate  rocks  is 
nitrate.  According  to  the  U.S.  Department  of  Health,  Education,  and  Wel- 
fare (1962,  Pub.  no.  956,  p.  48-50),  water  containing  more  than  45  ppm 
nitrate  is  potentially  dangerous  when  used  in  infant  feeding.  Infant  methe- 
moglobinemia, a disease  characterized  by  certain  blood  changes  and  cyano- 
sis, may  be  caused  by  the  high  nitrate  concentrations  in  the  water.  Twenty- 
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one  of  the  53  sampled  wells  and  springs  yielded  water  containing  more  than 
45  ppm  nitrate.  Most  of  the  nitrate  probably  is  derived  from  nitrogen-rich 
fertilizers,  nearby  cesspools  and  septic  tanks,  or  barnyard  wastes. 

Sodium  and  chloride  are  generally  found  in  low  concentrations  in  ground 
water  from  the  carbonate  rocks  (Table  11),  although  several  wells  contain 
sufficient  quantities  of  these  constituents  to  indicate  some  contamination — 
possibly  from  waste  water  from  water-softening  systems  or  from  fertilizers. 
However,  even  the  highest  concentration  of  these  constituents  (44  ppm 
sodium  and  114  ppm  chloride  in  well  004-624-3)  is  considerably  below  the 
maximum  standards  set  for  most  water  uses.  The  maximum  recommended 
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Figure  18.  Graph  showing  relation  of  calcium  content  to  dissolved-solids 
content. 
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Figure  19.  Graph  showing  relation  of  magnesium  content  to  dissolved- 
solids  content. 


chloride  content  for  drinking  water  set  by  the  U.S.  Department  of  Health, 
Education,  and  Welfare  (1962,  Pub.  no.  956,  p.  7)  is  250  ppm.  Hence,  al- 
though some  sodium  and  chloride  contamination  has  taken  place,  it  has  not 
caused  serious  deterioration  of  water  quality. 

Iron  in  excessive  amounts  stains  laundry  a reddish  brown  color  and  im- 
parts objectionable  taste  to  water.  The  maximum  iron  content  of  drinking 
water  recommended  by  the  U.S.  Department  of  Health,  Education,  and 
Welfare  (1962,  Pub.  no.  956,  p.  43)  is  0.3  ppm.  The  iron  concentration  ex- 
ceeded 0.3  ppm  in  water  from  five  wells  sampled  in  October  1963.  Four  of 
these  five  wells  were  sampled  at  a later  date  and  the  iron  content  was  found 
to  be  below  0.3  in  all  four  wells.  The  high  iron  concentrations  found  in  1963 
were  probably  due  to  inadequate  filtering  of  suspended  iron  particles  from 
the  samples.  Iron  contamination  does  not  appear  to  be  a problem  in  the 
carbonate  rocks  of  the  Lancaster  quadrangle. 

RELATION  OF  CONSTITUENTS  TO  DISSOLVED  SOLIDS 

The  concentrations  of  several  constituents  are  directly  related  to  the 
dissolved-solids  content.  Both  calcium  content  and  magnesium  content  in- 
crease as  the  dissolved-solids  content  increases.  (Figures  18  and  19).  The 
graphs  show  higher  concentrations  of  magnesium  in  water  from  wells  in 
dolomite  than  in  water  from  wells  in  limestone  and  higher  concentrations  of 
calcium  in  water  from  wells  in  limestone  than  in  water  from  wells  in  dolomite. 
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Both  sodium  (Figure  20)  and  potassium  content  of  the  water  increase  as 
the  dissolved-solids  content  increases.  However,  the  sodium  content  does  not 
increase  gradually  as  dissolved-solids  content  increases;  it  increases  abruptly 
above  a dissolved-solids  content  of  400  ppm. 

Bicarbonate  content  (Figure  21),  sulfate  content,  chloride  content,  and 
nitrate  content  increase  as  dissolved-solids  content  increases.  Figure  18  shows 
that  water  from  the  Conestoga  Formation  contains  considerably  lower  con- 
centrations of  bicarbonate  than  water  from  the  other  formations  for  a 
given  dissolved-solids  content.  Percentage  equivalents  per  million  of  both 
sulfate  and  chloride  tend  to  increase,  whereas  percentage  equivalents  per 
million  of  bicarbonate  (Figure  22)  decrease  as  dissolved-solids  content  in- 
crease. Percentage  equivalents  per  million  of  nitrate  appears  to  be  inde- 
pendent of  dissolved-solids  content. 

Electrical  conductance  is  the  ability  of  a material  to  conduct  an  electric 
current.  Specific  conductance  is  the  electrical  conductance  of  a cube  of  the 
material  one  centimeter  on  a side.  The  presence  of  dissociated  ions  in  water 
cause  it  to  be  conductive;  hence,  specific  conductance  generally  increases  as 
ionic  concentrations  increase.  Specific  conductance  is  expressed  in  micro- 
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Figure  20.  Graph  showing  relation  of  sodium  content  to  dissolved-solids 
content. 
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Figure  21.  Graph  showing  relation  of  bicarbonate  content  to  dissolved- 
solids  content. 


mhos  per  centimeter  at  25°C.  Field  determinations  of  specific  conductance 
were  made  on  samples  from  approximately  460  wells.  The  relation  between 
field  determinations  of  specific  conductance  and  dissolved-solids  content, 
based  on  data  from  61  sampled  wells  from  which  both  field  measurements  of 
specific  conductance  and  laboratory  determination  of  dissolved  solids  are 
available,  is  shown  in  Figure  23.  The  line  of  regression  shown  on  the  graph 
was  determined  by  the  method  of  least  squares.  The  coefficient  of  correlation 
is  0.95  (the  coefficient  of  correlation  is  1.00  for  a perfect  correlation),  and 
the  standard  error  of  estimate  is  63  micromhos.  The  standard  error  of  esti- 
mate is  the  average  (quadratic  mean)  of  the  deviations  about  the  line  of  re- 
gression. Because  of  the  close  correlation.  Figure  23  can  be  used  to  convert 
the  460  field  determinations  of  specific  conductance  shown  in  Table  9 to 
dissolved-solids  content. 

The  aerial  distribution  of  field  determinations  of  conductance  of  ground 
water  is  shown  in  Figure  24.  Most  of  the  Lancaster  quadrangle  contains 
ground  water  having  specific  conductances  between  400  and  700  micromhos 
per  centimeter.  However,  wells  containing  waters  having  specific  conduc- 
tances greater  than  700  micromhos  are  widely  scattered  through  most  of  the 
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Figure  22.  Graph  showing  relation  of  percent  equivalents  per  million  of 
bicarbonate  to  dissolved-solids  content. 


Lancaster  quadrangle.  In  most  of  these  wells,  the  higher  specific  conductance 
is  the  result  of  local  contamination — such  as  nearby  septic  tank  or  barnyard 
effluent.  Large  areas  having  more  highly  conductive  water  are  evident  in  the 
vicinity  of  Lancaster,  Millersville,  and  south  and  east  of  Mount  Joy.  There 
are  areas  in  the  southwestern  part  of  the  quadrangle  where  the  specific  con- 
ductance of  the  ground  water  is  less  than  400  micromhos.  Low  specific  con- 
ductance probably  results  from  the  inflow  of  ground  water  of  low  mineraliza- 
tion from  adjacent  ridges  underlain  by  quartzite  of  Cambrian  age. 


HYDROGEOLOGIC  SIGNIFICANCE  OF 
CALCIUM-MAGNESIUM  RATIOS 

The  ratios,  in  equivalents,  of  calcium  to  magnesium  in  ground  water  from 
the  limestones  and  dolomites  of  the  Lancaster  quadrangle  correlate  well  with 
the  composition  of  the  carbonate  source  rocks. 

Cumulative-frequency-distribution  plots  of  the  ratios  of  calcium  to  mag- 
nesium (equivalents  per  million)  in  ground  water  from  five  stratigraphic 
units  are  shown  in  Figure  25.  The  lowest  calcium-magnesium  ratios  occur  in 


Field  deterrrunations  of  specific  conducfance,  in  micromhos  of  ZS^C 
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the  dolomite  units,  the  highest  ratios  occur  in  the  limestone  units,  and  inter- 
mediate ratios  occur  in  interbedded  limestone  and  dolomite. 


' Figure  23.  Graph  showing  relation  of  specific  conductance  to  dissolved- 
solids. 
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The  dolomite  units  (Ledger  and  Vintage  Formations  and  Zooks  Corner 
Formation)  plot  as  a single  straight  line,  indicating  that  they  are  normally 
distributed  and  have  been  drawn  from  a single  population.  The  flat  slope  of 
the  line  indicates  the  small  variability  of  the  data.  The  mean  calcium-mag- 
nesium ratio  is  1.09  and  the  standard  deviation  is  0.10. 

Calcium-magnesium  ratios  in  ground  water  from  dolomite  are  very  close 
to  the  stoichiometric  proportion  (1  to  1)  of  calcium  to  magnesium  in  the 


Figure  24.  Generalized  map  showing  specific  conductance  of  ground 
water  in  the  carbonate  rocks  of  the  Lancaster  quadrangle. 
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EXPLANATION 

O Conestoga  Formation,  limestone  (14  samples) 

□ Epler  Formation,  limestone  with  inter- 
bedded  dolomite  (13  samples) 

X Stonehenge  Formation,  limestone  (7  samples) 

+ Zooks  Corner  Formation,  dolomite  (5  samples) 

^ Ledger  and  Vintage  Formations,  dolomite 
( 6 samples) 
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Figure  25.  Graph  showing  the  cumulative  frequency  distribution  of 
calcium-magnesium  ratios  in  ground  water  from  wells  grouped 
according  to  stratigraphic  unit. 


mineral  dolomite.  Thus,  the  scarcity  of  calcite  observed  in  geologic  mapping 
is  corroborated  by  the  chemistry  of  the  ground  water. 

Calcium-magnesium  ratios  of  water  from  the  limestones  are  much  higher, 
more  variable,  and  less  normally  distributed  than  those  from  the  dolomites. 
In  ground  water  from  the  Conestoga  Formation,  the  mean  calcium-magne- 
sium ratio  is  4.00  and  the  standard  deviation  is  1.13.  In  the  Stonehenge  For- 
mation, the  mean  calcium-magnesium  ratio  is  5.09  and  the  standard  devia- 
tion is  0.85. 

The  relatively  large  variation  of  calcium-magnesium  ratios  in  ground 
water  from  the  limestone  wells  may  have  more  than  one  explanation,  though 
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variability  in  the  magnesium  content  of  the  carbonate  rocks  is  probably  the 
principal  reason.  Also,  the  magnesium  content  of  shale  laminae,  which  are 
locally  abundant,  may  affect  the  calcium-magnesium  ratio.  Magnesium  en- 
richment may  occur  also  in  ground  water  that  has  traveled  long  distances  or 
has  been  in  contact  with  rock  for  relatively  long  periods  of  time;  thus,  it  has 
reached  equilibrium  with  respect  to  the  more  soluble  calcite  but  not  with 
respect  to  the  less  soluble  dolomite.  In  such  waters,  the  minor  amounts  of 
dolomite  present  in  the  rocks  may  continue  to  be  dissolved  while  no  calcite 
is  being  dissolved. 

Calcium-magnesium  ratios  of  ground  water  from  the  interbedded  lime- 
stone and  dolomite  of  the  Epler  Formation  are  intermediate  between  the 
ratios  of  limestone  waters  and  the  ratios  of  dolomite  waters.  The  distribution 
of  calcium-magnesium  ratios  plot  very  nearly  on  a straight  line,  indicating  a 
normal  distribution.  The  mean  calcium-magnesium  ratio  is  2.98  and  the 
standard  deviation  is  0.91. 

The  ratios  of  calcium  to  magnesium  proved  useful  in  corroborating  the 
position  of  stratigraphic  contacts  in  a few  places  where  outcrops  were  scarce. 

CONCLUSIONS 

Carbonate  rocks  of  Cambrian  and  Ordovician  age  in  the  Lancaster  quad- 
rangle form  one  complex,  heterogeneous,  water-table  aquifer.  Ground  water 
in  the  carbonate  rock  occurs  in  bedding  and  cleavage  planes,  joints,  faults, 
and  other  fractures.  The  number  and  size  of  the  openings  and  the  degree  of 
interconnection  between  them  determine  the  ability  of  the  carbonate  rocks 
to  store  and  transmit  water.  Where  these  openings  have  been  enlarged  by 
solution,  large  amounts  of  water  may  be  available  to  wells. 

The  carbonate  strata  are  divided  into  14  units  defined  primarily  by  their 
relative  proportions  of  limestone  and  dolomite.  The  capability  of  10  of  the 
stratigraphic  units  to  supply  water  to  wells  for  several  defined  general  use 
categories  is  summarized  in  Table  8. 

Specific  capacity  appears  to  be  related  to  lithology.  In  general,  limestone 
units  have  higher  specific  capacities  than  dolomite  or  interbedded  limestone 
and  dolomite  units.  Also,  units  containing  a relatively  low  noncarbonate 
clay,  silt,  and  sand  content  have  higher  specific  capacities  than  units  con- 
taining a relatively  high  noncarbonate  content. 

Specific  capacities  of  wells  in  the  carbonate  rocks  appear  to  be  related  to 
topography.  The  most  favorable  topographic  position  for  a well  is  in  a valley 
and  the  least  favorable  position  is  on  a ridge. 

Shallow  wells  generally  have  higher  specific  capacities  than  deep  wells. 
For  wells  that  fail  to  obtain  water  in  sufficient  amounts  at  moderate  depths 
(less  than  200  feet),  deepening  the  well  is  less  likely  to  provide  the  needed 
water  than  drilling  a new  well. 
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Table  8.  Summary  of  formation  capability  to  supply  water  for 
different  use  categories 


Evaluation  of  formation 


Use 

Excellent 

(80-100)-' 

Very  good 
(60-79)“ 

Good 

(40-59)“ 

Fair 

(20-39)“ 

Poor 

(0-19)“ 

Public  supply  and 
industrial  (specific 
capacity — 5.  I*' 

Stonehenge 

Vintage 

Kinzers 

Ledger 

Epler 

Conestoga 

Zooks  Corner 
Buffalo 
Springs 
Millbach 

Richland 

Small  public 
supply  and  some 
industrial  (specific 
capacity — .5)^ 

Ledger 

Stonehenge 

Conestoga 

Vintage 

Kinzers 

Epler 

Zooks  Corner 

Buffalo  Springs 

Millbach 

Richland 

Domestic 
(specific  capacity 
— .08)b 

Vintage 

Kinzers 

Ledger 

Stonehenge 

Conestoga 

Zooks 

Corner 

Buffalo 

Springs 

Millbach 

Epler 

Richland 

“ Percent  of  wells  having  specific  capacities  greater  than  the  minimum  considered 
sufficient  for  the  stated  use. 

Minimum  specific  capacity  considered  sufficient  for  the  stated  use. 


The  carbonate  strata  have  been  deformed  into  a complicated  structural 
framework  that  is  characterized  by  recumbent  folding  and  imbricate  thrust 
faulting  in  the  north;  general  uplift,  complex  open  folding,  and  intricate 
faulting  near  the  center;  and  upright  isoclinal  folding  and  reverse  faulting  in 
the  south.  The  general  sequence  of  events  producing  this  complex  structural 
framework  is  interpreted  as  recumbent  folding,  overlapped  or  closely  fol- 
lowed by  thrust  faulting,  and  later  refolding  or  warping  of  existing  structures 
by  basement  adjustments.  No  relationship  could  be  found  between  structure 
and  the  specific  capacities  of  wells. 

The  average  specific  yield  of  the  zone  of  water-table  fluctuations  in  the  car- 
bonate rocks  of  the  Little  Conestoga  Creek  basin  above  the  Conestoga  Coun- 
try Club  is  approximately  0.04. 

Ground  water  in  the  carbonate  rocks  is  of  the  calcium-bicarbonate  type. 
The  water  is  very  hard — only  1 well  and  1 spring  of  the  53  wells  and  springs 
sampled  have  hardnesses  of  less  than  200  ppm.  Nitrate  contamination  is 
common,  as  21  of  the  53  wells  and  springs  sampled  contain  more  than  45 
ppm  nitrate,  the  maximum  considered  acceptable  in  drinking  water  by  the 
U.S.  Department  of  Health,  Education,  and  Welfare.  Specific  conductance 
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of  ground  water  in  the  carbonate  rocks  is  generally  between  400  and  700 
inicromhos.  Waters  having  specific  conductance  greater  than  700  micro- 
mhos  are  generally  contaminated.  Such  waters  are  scattered  widely  through 
the  Lancaster  quadrangle  but  are  most  common  in  the  vicinity  of  Lancaster, 
Millersville,  and  south  and  east  of  Mount  Joy. 

Calcium-magnesium  ratios  in  ground  water  correlate  well  with  the  com- 
position of  the  carbonate  source  rocks.  The  lowest  ratios  occur  in  water  from 
dolomite  units,  the  highest  ratios  occur  in  water  from  limestone  units,  and 
intermediate  ratios  occur  in  water  from  interbedded  limestone  and  dolomite. 
Calcium-magnesium  ratios  were  helpful  in  confirming  the  location  of  geo- 
logic contacts  in  the  Lancaster  quadrangle. 
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APPENDIX 

MEASURED  REFERENCE  SECTIONS 
Section  1 

Section  located  along  the  Susquehanna  River  0.3  miles  south  of  the  southern  boundary 
of  Columbia,  Pa.,  or  at  approximately  40°01'05"  N latitude  and  76°29'20"  W longitude. 

(Measured  by  H.  Meisler  and  A.  Becher) 

Cambrian 
Vintage  Formation 

Dolomite,  medium-gray  and  medium-dark-gray,  finely  crystalline, 
sparkling;  weathers  light  gray  to  yellowish  gray;  little  medium- 
light-gray  dolomite;  some  very  finely  crystalline  dolomite;  parting 
into  4-inch  to  2-foot  layers  and  massive;  few  fine  wavy  siliceous 
laminae. 

Dolomite,  medium-light-gray  to  medium-gray,  very  finely  to  finely 
crystalline;  weathers  light  gray  to  yellowish  gray;  massive;  fine 
wavy  siliceous  laminae. 

Shale,  medium-gray  to  medium-dark-gray;  contains  some  medium- 
dark-gray  dolomite. 

Dolomite,  medium-light-gray  to  medium-gray,  very  finely  crystal- 
line; weathers  light  gray  to  yellowish  gray;  parting  into  ^2"  to  2- 
foot  layers;  fine  wavy  siliceous  laminae  in  upper  9)/^  feet. 

Dolomite,  medium-gray  to  medium-dark-gray,  very  finely  crystal- 
line; weathers  light  gray  to  medium-light-gray;  parting  into  2-  to 
5-inch  layers;  contains  yellowish  gray  shale  beds  up  to  2 inches 
thick. 


Feet 

67 

11 

IH 

13 

2 
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Feet 

Dolomite,  medium-light-gray  to  medium-gray,  very  finely  and  finely 

crystalline;  weathers  light  gray;  massive.  12 

Covered.  4 

Dolomite,  medium-light-gray  to  medium-dark-gray,  very  finely  and 
finely  crystalline;  weathers  light  gray;  parting  into  to  5-foot 
layers;  some  fine  siliceous  laminae.  39 

Covered.  15-20 

Dolomite,  medium-light-gray  to  medium-dark-gray,  very  finely  to 
finely  crystalline,  sparkling;  weathers  light  gray  to  medium-light- 
gray;  massive.  18 


Dolomite,  medium-gray,  very  finely  crystalline;  weathers  light  gray; 
parting  into  5-  to  12-inch  layers;  some  wavy  siliceous  and  argillace- 
ous laminae;  has  a “knotty”  or  “lumpy”  appearance  on  weathered 
surfaces.  8 

Dolomite,  medium-gray,  very  finely  crystalline;  weathers  medium- 
light-gray  to  medium-gray;  mostly  argillaceous;  several  shaly  beds; 
has  a “knotty”  or  “lumpy”  appearance  on  weathered  surfaces.  15 

Dolomite,  medium-gray  to  medium-dark-gray,  very  finely  to  finely 

crystalline;  weathers  medium-light-gray;  argillaceous  in  part.  25 

Dolomite,  medium-gray,  very  finely  crystalline;  weathers  medium- 
light  gray  to  light  olive  gray;  parting  into  4-  to  12-inch  layers;  argil- 
laceous in  part;  few  shaly  beds;  has  a “lumpy”  appearance  on 
weathered  surfaces.  1 1 

Covered.  4 

Dolomite,  medium-gray  and  medium-dark-gray,  very  finely  to  finely 
crystalline;  weathers  medium  dark  gray  to  yellowish  gray;  parting 
into  2-  to  12-inch  layers;  irregular  and  wavy  laminae;  argillaceous 
in  part;  has  a “knotty”  or  “lumpy”  appearance  on  weathered 
surfaces.  8 

Dolomite,  argillaceous,  light-gray,  very  finely  crystalline;  weathers 
yellowish  gray  to  light  olive  gray;  parting  into  1-  to  18-inch  layers; 
abundant  interbeds  of  very-pale-orange  shale;  has  a “lumpy”  ap- 
pearance on  some  weathered  surfaces.  16 

Dolomite,  medium-light-gray  to  medium-gray,  very  finely  crystal- 
line; weathers  yellowish  gray  to  light  olive  gray;  parting  into  8- 
inch  to  3-foot  layers;  faintly  laminated  in  part;  argillaceous  in  part; 
has  a “lumpy”  appearance  on  some  weathered  surfaces.  26 


Total  216-221 

Antietam  Quartzite  unmeasured 

Section  2 

Section  along  the  Pennsylvania  Railroad  1.1  to  1.4  miles  NNW  of  northwest  corner  of 
boundary  of  the  city  of  Lancaster,  Pa.,  or  approximately  at  40°04'  N latitude  and  76°20' 
W longitude. 

(Measured  by  A.  Becher  and  H.  Meisler) 

Lower  Cambrian 
Ledger  Formation 

Dolomite,  very-light-gray  to  light-gray,  medium  and  coarsely  crystal- 
line, sparkling;  massive;  abundant  discontinuous  exposures  extend- 
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Feet 

ing  approximately  1,000  feet  NW  of  described  units;  thickness  un- 
known because  of  lack  of  visible  bedding.  — 

Dolomite,  light-gray  and  medium-light-gray,  finely  crystalline, 

sparkling;  weathers  very  pale  orange.  8 

Covered  interval  containing  isolated  shattered  outcrops  of  dolomite.  15-20 

Dolomite,  medium-light-gray  to  medium-gray  and  light-gray,  finely 

to  medium  crystalline;  weathers  very  pale  orange.  10 

Dolomite,  light-gray  to  medium-light-gray,  finely  to  medium  crystal- 
line; weathers  very  pale  orange;  parting  into  ' 2-  to  1 3^-foot  layers; 
bedding  N 50°  E,  13°  N.  5^ 

Covered.  0-2 

Dolomite,  very-light-gray  to  grayish  yellow,  finely  to  medium  crys- 
talline, sparkling;  some  mottling;  weathers  very  pale  orange;  part- 
ing into  1-  to  2-foot  layers;  bedding  N 80°  W,  7°  N.  7 

Dolomite,  oolitic,  light-gray,  some  very-light-gray,  finely  to  medium 
crystalline,  sparkling;  some  mottling;  weathers  yellowish  gray; 
parting  into  \}/2-  to  4-foot  layers;  faint  laminae  marked  by  darker 
color  and  by  changes  in  size  or  density  of  oolites.  10 

Dolomite,  very-light-gray,  some  light-gray  and  medium-light-gray, 
finely  to  medium  crystalline,  sparkling;  some  mottling;  weathers 
very  pale  orange;  parting  into  3^-  to  2-foot  layers.  8 

Dolomite,  very-light-gray  and  light-gray,  finely  crystalline,  spar- 
kling; some  cryptocrystalline;  weathers  very  pale  orange.  7 

Dolomite,  very-light-gray,  very  finely  crystalline,  sparkling;  weathers 
very  pale  orange;  a 3^-foot  light  gray  weathering  laminated  zone 
located  5*^  feet  from  base.  8 

Covered.  10-15 

Dolomite,  light-gray  to  yellowish  gray,  finely  to  medium  crystalline, 
sparkling;  little  mottling;  weathers  very  pale  orange;  shattered 
appearance.  5 

Dolomite,  light-gray,  finely  crystalline,  sparkling;  medium-gray  dolo- 
mite in  top  1 foot;  weathers  very  pale  orange;  parting  into  1 to 
2-foot  layers;  faint  laminae;  oolites  in  upper  2 feet.  AYi 

Dolomite,  very-light-gray  and  light-gray,  finely  and  medium  crystal- 
line, sparkling;  mottled  in  part;  weathers  very  pale  orange;  part- 
ing into  1-  to  1 }^-foot  layers  at  top  and  base;  two  prominent  inter- 
secting cleavages.  10 

Traverse  80  feet  along  strike  (S  85°  E)  to  east  side  of  railroad  tracks. 

Dolomite,  light-gray,  very  finely  and  finely  crystalline,  sparkling; 
mottled;  weathers  yellowish  gray  to  light  gray;  parting  into  3-inch 
to  3-foot  layers;  bedding  N 85°  W,  12°  N.  1334 

Probable  fault,  displacement  unknown.  — 

Dolomite,  yellowish-gray,  very  finely  crystalline;  weathers  yellowish 
gray;  parting  into  1-  to  2-foot  layers;  few  faint  laminae,  few  quartz 
blebs  and  stringers.  334 

Dolomite,  light-gray,  very  finely  to  finely  crystalline,  sparkling; 

medium-gray  mottling;  weathers  very  pale  orange;  massive.  3 

Dolomite  fault  breccia,  very-light-gray  to  medium-gray,  very  finely 
to  finely  crystalline;  34-  to  2-inch  blocks;  weathers  very  pale 
orange;  vertical  mass  three  feet  wide.  — 

Dolomite,  medium-gray,  very  finely  to  finely  crystalline,  sparkling; 
weathers  medium  light  gray  to  yellowish  gray;  parting  into  3-foot 
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layers;  some  indistinct  discontinuous  laminae,  a 4-inch  zone  of 
oolites  elongated  perpendicular  to  bedding;  bedding  N 85°  W, 
8°  N. 

Covered. 

Dolomite,  light-gray,  medium-light-gray,  and  medium-gray,  finely 
to  medium  crystalline,  sparkling;  weathers  very  pale  orange  to 
medium  light  gray;  massive;  irregular  chert  masses  several  inches 
in  diameter. 

Total 


Feet 


6 

5 


3 

142-154 


Section  3 


Section  located  along  Conestoga  Creek  from  0.6  mile  SW  of  Zooks  Corner  to  0.7  mile 
WNW  of  Zooks  Corner  or  from  approximately  40°04'25"  N latitude  and  76°15'45"  W 
longitude  northward  along  Conestoga  Creek  to  40°05'  N latitude  and  76°16'  W longitude. 

(Measured  by  H.  Meisler  and  A.  Becher) 

Cambrian 

Buffalo  Springs  Formation  Feet 


Dolomite,  medium-gray,  very  finely  crystalline;  weathers  grayish 
yellow;  well  laminated;  regular  and  wavy,  silty  to  sandy  laminae 
up  to  3^-inch  thick,  that  weather  out  into  ribs.  4 

Dolomite  and  limestone,  interlaminated,  medium-dark-gray,  very 
finely  crystalline;  weathers  medium  light  gray  and  yellowish  gray 
to  pale  olive;  laminae  and  thin  beds  up  to  1-inch  thick;  some  silty 
laminae;  gradational  from  unit  above.  2 

Limestome,  medium-gray,  finely  to  medium  crystalline;  weathers 
medium  to  medium  light  gray;  parting  into  1-  and  2-foot  layers; 
medium  grained  sand  size  oolites  in  upper  1 foot.  3 

Covered.  1 

Dolomite,  medium-gray  and  medium-dark-gray,  very  finely  and 
finely  crystalline;  parting  into  8-inch  to  1-foot  layers;  well  lami- 
nated; dark  and  light  laminae  on  unweathered  surfaces;  calcareous 


dolomite  and  some  limestone  in  upper  2 feet.  5 

Covered.  XYi 

Limestone,  medium-dark-gray,  finely  to  medium  crystalline.  134 

Limestone,  medium-gray  and  medium-dark-gray,  finely  and  medium 

crystalline;  weathers  medium  light  gray;  massive.  4 

Dolomite,  medium-gray  and  medium-dark-gray,  very  finely  and 
finely  crystalline;  parting  into  1 34-  to  8-inch  layers;  distinct  color 
laminae.  434 


Limestone,  medium-gray  and  medium-dark-gray,  finely  and  medium 
crystalline;  some  mottling;  weathers  medium  light  gray  to  medium 


gray;  massive;  some  disseminated  grains  and  small  patches  of  dolo- 
mite. 8 

Limestone,  medium-gray,  finely  and  medium  crystalline;  cotu-sely 
crystalline  patches;  weathers  medium  light  gray;  parting  into  2- 
to  6-inch  layers;  fine  color  laminae  and  some  silty  laminae.  334 

Limestone,  medium-gray  and  medium-dark-gray,  finely  and  medium 
crystalline;  little  medium-light-gray  limestone;  weathers  medium 
light  gray;  massive;  few  small  dolomite  patches.  634 

Covered.  4 


APPENDIX 


77 


Feet 

Dolomite,  medium-gray  and  medium-dark-gray,  very  finely  crystal- 
line; weathers  yellowish  gray  with  medium  dark  gray  laminae; 
well  laminated;  regular  to  wavy  laminae  up  to  1-inch  thick  with 
some  anastomosing  disrupted  laminae;  medium-gray  limestone 
laminae  up  to  1-inch  thick  in  lower  4 feet  and  becoming  more 
abundant  near  base.  83^ 

Covered.  5 

Limestone,  medium-gray  and  medium-dark-gray;  finely  and  medium 
crystalline;  weathers  medium  light  gray;  silty  weathering  laminae 
up  to  thick.  5 

Limestone,  very-light-gray  to  light-olive-gray  and  very-light-gray, 
medium  and  coarsely  crystalline;  indistinctly  laminated  in  part; 
some  grayish  orange  laminae.  43^ 

Limestone,  medium-gray  and  light-olive-gray,  finely  and  medium 
crystalline;  weathers  light  gray  to  medium  light  gray  with  yellow- 
ish gray  laminae;  indistinct,  irregular,  silty  laminae  up  to  J^-inch 
thick.  4}^ 

Limestone,  yellowish-gray  to  light-gray,  very  finely  crystalline; 
weathers  very  pale  orange;  a 2-inch  bed  of  very-light-gray  finely  to 
medium  crystalline  limestone  located  2 feet  above  base;  distinct 
fine  color  laminae;  soft-sediment  deformation  in  scattered  zones 
but  most  abundant  immediately  above  the  2-inch  limestone  bed.  5 

Limestone,  light-gray  to  medium-light-gray  and  light  gray,  medium 
and  coarsely  crystalline;  some  mottling;  weathers  light  gray;  in- 
distinct bedding;  indistinct  grayish  orange  cleavage  laminae.  13 

Limestone,  light-gray  to  light-olive-gray,  very  finely  crystalline; 

distinct  fine  color  laminae.  23^ 

Limestone,  medium-light-gray,  medium-gray,  and  very-light-gray, 
finely  crystalline;  weathers  medium  light  gray  and  yellowish  gray; 
parting  into  4-  to  8-inch  layers;  some  deformed  laminae.  3 

Dolomite,  medium-gray,  very  finely  crystalline;  weathers  medium 

light  gray;  parting  into  1 3^-  to  3-inch  layers.  1 

Limestone,  medium-gray  and  medium-dark-gray,  finely  and  medium 
crystalline;  weathers  medium  light  gray;  distorted  siliceous  lami- 
nae weathering  into  ribs.  434 

Covered.  2 

Dolomite,  medium-gray,  very  finely  to  finely  crystalline;  weathers 

yellowish  gray;  fine  laminae  on  weathered  surface.  1 

Limestone,  medium-gray,  very  finely  and  finely  crystalline;  weathers 
very  light  gray  to  pale  orange;  parting  into  4-inch  to  1-foot  layers; 
finely  laminated  in  part.  4 

Dolomite,  medium-gray,  very  finely  crystalline;  parting  into  2-  to 

3-inch  layers;  few  indistinct  laminae.  1 

Covered.  1 

Limestone,  light-gray,  medium-gray,  medium-dark-gray,  very  finely 
to  finely  crystalline  and  medium  crystalline;  parting  into  4-  to 
8-inch  indistinct  layers;  few  thin  siliceous  and  silty  laminae.  3 

Dolomite,  medium-dark-gray,  very  finely  crystalline,  parting  into  2- 

to  4-inch  layers.  1 

Covered.  1 

Limestone,  very-light-gray  to  very-pale-orange,  finely  to  medium 

crystalline;  pale  yellowish-orange  stringers.  34 
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Limestone,  medium-gray,  finely  crystalline;  weathers  light  gray  to 

medium  light  gray;  massive.  3 

Dolomite,  medium-dark-gray,  very  finely  and  finely  crystalline; 
parting  into  Yi-  to  1 */^-foot  beds. 

Limestone,  medium-gray,  finely  crystalline;  weathers  light  gray  and 
very  light  gray;  irregular  silty  laminae  up  to  J^-inch  thick;  dis- 
tinctly laminated  calcareous  siltstone  in  upper  2 inches;  abundant 
anastomosing  siliceous  laminae  in  bottom  3 inches. 

Total  1303^dz 

Zooks  Corner  Formation  Feet 

Dolomite,  medium-dark-gray,  very  finely  to  finely  crystalline; 
weathers  yellowish  gray  to  light  olive  gray;  parting  into  indistinct 
4-inch  to  1-foot  layers;  siliceous  laminae  in  top  1 foot  and  in  zone 
23^  to  3 feet  below  top.  434 

Dolomite,  medium-dark-gray,  very  finely  crystalline;  weathers  me- 
dium dark  gray;  parting  into  1-  to  2-inch  layers;  distinctly  lami- 
nated; silty  laminae.  1 

Limestone,  medium-dark-gray,  finely  crystalline.  1 

Dolomite,  medium-dark-gray,  very  finely  crystalline;  weathers  very 

pale  orange  to  yellowish  gray;  distinct  fine  laminae.  8 

Dolomite,  medium-gray,  finely  to  medium  crystalline;  weathers 
yellowish  gray;  massive;  abundant  fine  siliceous  laminae  near  top 
becoming  widely  spaced  downward.  3 

Dolomite,  medium-dark-gray,  very  finely  crystalline;  weathers  light 

olive  gray.  1 34 

Dolomite,  medium-gray  to  light-olive-gray,  finely  to  medium  crystal- 
line; weathers  yellowish  gray  to  pale  olive;  very  granular  weath- 
ered surface.  1 

Dolomite,  medium-gray,  very  finely  crystalline;  weathers  yellowish 

gray  to  light  olive  gray;  prominent  siliceous  laminae.  234 

Dolomite,  medium-gray,  finely  crystalline;  weathers  yellowish  gray; 

massive.  3 

Dolomite,  medium-gray  to  medium-dark-gray,  very  finely  crystal- 
line; weathers  yellowish  gray  to  pale  olive;  abundant  silty  laminae 
up  to  34"inch  thick;  fine  laminae  on  weathered  surface  in  bottom  6 
inches.  234 

Dolomite,  medium-light-gray  and  medium-gray,  finely  crystalline; 

weathers  very  light  gray  to  yellowish  gray;  poorly  bedded.  5 

Dolomite,  medium-light-gray  to  medium-gray  and  medium-dark- 

gray,  very  finely  and  finely  crystalline;  indistinctly  laminated.  3 

Covered.  1 

Dolomite,  medium-light-gray  to  medium-gray  and  medium-dark- 
gray,  very  finely,  finely,  and  medium  crystalline;  weathers  yellow- 
ish gray  to  light  olive  gray  and  light  gray  and  light  gray  to  medium 
light  gray;  poorly  bedded;  few  dark-gray  nodules  and  stringers.  14 

Dolomite,  medium-dark-gray,  very  finely  to  finely  crystalline; 
weathers  yellowish  gray;  parting  into  1-  to  4-inch  layers;  well 
laminated  on  weathered  surface;  silty  laminae  in  top  1 foot;  cross- 
laminated  (right  side  up)  in  a bed  5 feet  from  top;  very  light  gray 
silty  dolomite  in  top  2 inches.  6 
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Feet 

Dolomite,  medium-gray  and  medium-dark-gray,  finely  crystalline; 
weathers  light  gray  and  medium  light  gray  to  yellowish  gray; 
parting  into  1-  to  7-inch  layers;  some  thin  siliceous  laminae.  33^ 

Dolomite,  silty,  medium-dark-gray,  very  finely  crystalline;  weathers 
yellowish  gray;  parting  into  3^-  to  4-inch  layers;  platy;  fine 
laminae.  2 

Dolomite,  light-gray,  medium-light-gray,  and  medium  gray,  very 
finely  to  finely  crystalline;  two  3^-foot  zones  of  abundant  silty 
laminae  1 foot  from  top  and  at  base.  4 

Covered.  4 

Dolomite,  medium-gray,  very  finely  to  finely  crystalline;  weathers 

yellowish  gray  to  light  olive  gray;  fine  siliceous  laminae.  1 

Dolomite,  medium-gray  and  medium-dark-gray,  very  finely  and 
finely  crystalline;  weathers  yellowish  gray;  parting  into  3-inch  to 
1-foot  layers;  a 1-inch  thick  lens  of  dark-gray  and  light-gray 
mottled  chert  located  33^  feet  above  base.  8 

Dolomite,  silty,  light-gray  and  light-  to  medium-light-gray,  finely  to 

medium  crystalline;  fine  laminae.  2)4 

Dolomite,  medium-gray  and  medium-dark-gray,  finely  and  finely  to 
medium  crystalline;  weathers  light  gray  and  yellowish  gray;  part- 
ing into  134"  to  4-foot  layers;  a 1 3^-foot  bed  yellowish  gray  shaly 
laminated  dolomite  located  2 feet  from  top.  7 

Dolomite,  medium-dark-gray,  very  finely  crystalline;  weathers  yel- 
lowish gray,  parting  into  1-  to  4-inch  layers.  1 

Dolomite,  medium-light-gray  and  light-gray  to  light-olive-gray,  very 
finely  to  finely  crystalline;  weathers  yellowish  gray;  parting  into 
Y2-  to  1-foot  layers.  1 3^ 

Dolomite,  medium-dark-gray  and  medium-gray,  very  finely  crystal- 
line; weathers  yellowish  gray;  parting  into  6-inch  layers.  2 

Dolomite,  silty,  very-pale-orange  to  yellowish-gray,  very  finely  crys- 
talline; weathers  yellowish  gray;  parting  into  1-  to  2-inch  layers; 
fine  laminae.  1 Yi 

Dolomite,  medium-light-gray  and  medium-gray,  finely  crystalline; 

weathers  yellowish  gray;  parting  into  1-foot  layers.  2 

Covered.  3 

Dolomite,  medium-light-gray,  finely  crystalline;  fine  siliceous 

laminae.  1 

Dolomite,  medium-dark-gray,  finely  crystalline;  coarse  crystalline 
patches  in  an  8-inch  zone  located  1 foot  from  top;  parting  into 
7-inch  to  1-foot  layers.  4 

Covered.  3 

Dolomite,  medium-gray,  very  finely  crystalline;  weathers  yellowish 

gray  to  very  pale  orange;  fine  laminae.  1 

Covered.  1 

Dolomite,  medium-gray,  very  finely  crystalline;  parting  into  4-  to 

6-inch  layers.  2 

Covered.  2 

Dolomite,  medium-light-gray,  very  finely  crystalline;  fine  laminae.  1 

Covered.  2 3^ 

Dolomite,  medium-gray  and  medium-dark-gray,  very  finely  crystal- 
line; weathers  yellowish  gray  and  light  gray  to  yellowish  orange; 
parting  into  1-  to  5-inch  layers;  fine  siliceous  laminae  spaced  about 
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1 inch  apart;  3-inch  zone  of  finely  laminated  light  gray  siliceous 
dolomite  located  5 feet  from  top. 

Dolomite,  medium-light-gray  and  medium-gray,  very  finely  crystal- 
line; weathers  yellowish  gray;  parting  into  2-  to  5-inch  layers;  fine 
siliceous  laminae  occur  in  ' 2-  to  2-inch  zones  spaced  2 to  3 inches 
apart;  some  light-gray  laminae  up  to  J^-inch  thick. 

Dolomite,  medium-light-gray,  medium  crystalline;  light-gray  to 
yellowish-gray  patches  and  streaks. 

Dolomite,  medium-gray,  finely  crystalline;  weathers  light  gray  to 
yellowish  gray;  poorly  bedded;  some  siliceous  laminae. 

Covered. 

Dolomite,  medium-light-gray  and  medium-gray,  medium  and 
coarsely  crystalline;  very-light-gray  mottling;  few  thin  zones  of 
medium-gray  fine  crystalline  dolomite. 

Dolomite,  light-gray  and  medium-light-gray  finely,  crystalline; 
weathers  yellowish  gray;  parting  into  5-  to  10-inch  layers;  fine,  very 
light  gray  laminae  throughout;  3^-inch  vugs  in  upper  34  foot; 
floating,  rounded  quartz  sand  grains  in  part. 

Covered. 

Dolomite,  medium-light-gray  to  medium-gray,  very  finely  and  finely 
crystalline;  weathers  yellowish  gray  and  light  olive  gray;  parting 
into  indistinct  3-  to  8-inch  layers;  sandy  laminae  in  upper  1 foot 
and  in  a 1-foot  zone  2 feet  below  top;  floating,  rounded  quartz 
sand  grains  present  throughout  unit  but  scarce  toward  base;  abun- 
dant siliceous  laminae;  some  soft-sediment  deformation  of  laminae. 

Dolomite,  medium-  and  medium-dark-gray,  very  finely  and  finely 
crystalline;  indistinct  bedding. 

Dolomite,  medium-dark-gray,  finely  crystalline;  weathers  light  gray 
to  medium  light  gray;  parting  into  2-  to  4-inch  layers;  a 2-inch 
platy  zone  occurs  foot  from  top. 

Dolomite,  medium-gray,  finely  crystalline;  weathers  yellowish  gray; 
laminated;  abundant  floating,  rounded  quartz  sand  grains  present 
throughout  unit. 

Dolomite,  light-gray  and  medium-light-gray,  finely  crystalline; 
weathers  yellowish  gray;  parting  into  1-foot  layers. 

Covered. 

Dolomite,  medium-dark-gray,  very  finely  crystalline;  laminated. 

Dolomite,  medium-gray  and  medium-dark-gray,  very  finely  and 
finely  crystalline;  weathers  very  light  gray;  parting  into  4-inch  to 
2-foot  layers;  color  laminated  in  part. 

Dolomite,  medium-light-gray  and  medium-gray,  finely  to  medium 
crystalline;  some  mottles;  massive;  upper  3 inches  contain  very 
light  gray  laminae  and  cross-laminae  up  to  3^-inch  thick. 

Covered. 

Dolomite,  very-light-gray  and  medium-light-gray,  finely  crystalline; 
some  mottling;  weathers  very  pale  orange;  laminated  in  upper  1 
foot  and  lower  3 feet;  abundant  floating,  rounded  quartz  sand 
grains  in  upper  1 foot. 

Covered. 

Dolomite,  medium-light-gray  and  light-gray,  very  finely  and  finely 
crystalline;  parting  into  3-  to  4-inch  layers;  color  laminated;  few 
siliceous  laminae. 

Covered  interval.  Stratigraphic  thickness  calculated  using  bedding 
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Feet 

attitude,  and  direction  and  distance  between  exposures.  Strati- 
graphic thickness;  60—65 

Dolomite,  medium-gray,  finely  to  medium  crystalline;  weathers  yel- 
lowish gray.  2 

Covered.  1 

Dolomite,  medium-gray,  finely  to  medium  crystalline;  weathers  light 

gray.  1 Yi 

Covered  interval  containing  rusty,  silty  dolomite  and  siltstone  float.  8 

Dolomite,  medium-light-gray,  finely  crystalline;  weathers  yellowish 

gray;  parting  into  3-  to  5-inch  layers;  few  silty  laminae.  lYi 

Dolomite,  medium-dark-gray,  finely  crystalline;  parting  into  6-inch 

layers.  1 Yi 

Covered.  1 

Dolomite,  medium-dark-gray,  medium  crystalline,  sparkling;  part- 
ing into  3-  to  8-inch  layers.  2Yi 

Dolomite,  medium-light-gray  and  medium-gray,  finely  to  medium 

crystalline;  weathers  yellowish  gray;  parting  into  6-inch  layers.  2Yl 

Dolomite,  medium-gray  to  medium-dark-gray,  very  finely  crystal- 
line; weathers  yellowish  gray;  parting  into  1-  to  4-inch  layers.  1 

Covered  interval  containing  rusty  siltstone  float.  1 

Dolomite,  medium-gray,  finely  crystalline;  parting  into  1-  to  6-inch 

layers;  finely  laminated  on  weathered  surface.  XYi 

Dolomite,  medium-gray,  very  finely  and  finely  crystalline;  weathers 
yellowish  gray;  parting  into  Yi-  to  1-foot  layers;  1-foot  zone  of  in- 
distinct laminae  on  weathered  surface  2 feet  from  base.  '^Yi 

Covered.  2 

Dolomite,  medium-dark-gray,  finely  crystalline;  weathers  yellowish 
gray  to  light  olive  gray;  parting  into  1-  to  6-inch  layers;  laminae 
up  to  J^-inch  thick  visible  on  weathered  surfaces.  2Y2 

Dolomite,  medium-light-gray  and  medium-gray,  finely  to  medium 

crystalline;  weathers  yellowish  gray;  parting  into  1-  to  2-foot  layers.  3^ 

Dolomite,  medium-gray,  very  finely  crystalline;  weathers  yellowish 

gray  to  light  olive  gray;  parting  into  1-  to  2-inch  layers;  shaly.  1 

Dolomite,  medium-gray  and  medium-light-gray,  very  finely  and 
finely  crystalline;  weathers  yellowish  gray;  parting  into  1-inch  to 
1-foot  layers;  few  zones  of  irregularly  spaced  fine  laminae.  103^ 


Dolomite,  medium-gray  and  medium-dark-gray,  very  finely  and 
finely  crystalline;  weathers  yellowish  gray  to  light  olive  gray;  well 
bedded,  parting  into  1-  to  6-inch  layers;  regular  distinct  laminae. 


some  silty  laminae  up  to  Y inch  thick.  273^ 

Dolomite,  medium-light-gray  to  medium-gray,  very  finely  and  finely 
crystalline;  weathers  yellowish  gray  to  pale  olive;  parting  into  2- 
to  8-inch  layers;  few  faint  laminae  on  weathered  surfaces.  23^ 

Dolomite,  medium-gray  to  medium-dark-gray,  very  finely  to  finely 
crystalline;  parting  into  Yir  to  1-inch  layers;  regular  distinct  lami- 
nae, some  silty  laminae  and  thin  silty  beds.  234 

Covered.  1 

Dolomite,  medium-gray,  finely  crystalline,  sparkling;  parting  into  1- 

to  6-inch  layers;  shaly  in  lower  Yi  foot.  3 

Covered.  1 

Dolomite,  medium-gray,  very  finely  and  finely  crystalline;  weathers 
yellowish  gray  to  dusky  yellow;  parting  into  34"  to  3-inch  layers; 
regular  distinct  laminae,  silty  weathering  laminae  up  to  34  inch 
thick.  434 
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Dolomite,  medium-gray  to  medium-dark-gray,  very  finely  and  finely 
crystalline;  weathers  yellowish  gray  and  medium  light  gray;  part- 
ing into  2-  to  9-inch  layers,  well  bedded. 

Dolomite,  medium-gray  and  medium-dark-gray,  very  finely  crystal- 
line; weathers  grayish  yellow  to  yellowish  gray;  parting  into  3^- 
to  2-inch  layers;  distinct  regular  laminae  on  weathered  surfaces. 

Dolomite,  medium-gray,  very  finely  crystalline;  weathers  yellowish 
gray  to  grayish  yellow;  parting  into  Yi-  to  3-inch  layers;  shaly  in 
lower  Yi,  foot. 

Dolomite,  medium-gray,  very  finely  to  finely  crystalline;  weathers 
yellowish  gray;  parting  into  Yl-  to  3-inch  layers. 

Dolomite,  medium-gray  and  medium-dark-gray,  very  finely  to  finely 
crystalline;  weathers  yellowish  gray  to  medium  light  gray;  parting 
into  Yl-  to  3-inch  layers;  distinct,  mostly  regular  laminae  up  to 
34-inch  thick;  a 1 34-inch  bed  of  finely  brecciated  dolomite  occurs 
3 feet  from  top. 

Dolomite,  medium-gray  and  medium-dark-gray,  finely  to  medium 
crystalline;  weathers  medium  light  gray  and  yellowish  gray. 

Covered  interval.  Stratigraphic  thickness  calculated  using  bedding 
attitude,  and  direction  and  distance  between  exposures.  Strati- 
graphic thickness: 

Dolomite,  medium-gray,  very  finely  crystalline;  weathers  yellowish 
gray;  parting  into  334-  to  8-inch  layers;  few  siliceous  laminae,  a 
10-inch  bed  of  medium  gray,  finely  crystalline  limestone  occurs  1 
foot  from  top. 

Covered. 

Dolomite,  medium-gray,  very  finely  crystalline. 

Covered. 

Dolomite,  medium-gray  and  medium-dark-gray,  very  finely  crystal- 
line; weathers  very  light  gray  to  light  gray  and  yellowish  gray; 
parting  into  34-  to  1-foot  layers. 

Dolomite,  medium-gray,  very  finely  crystalline;  weathers  very  light 
gray  to  light  gray  and  yellowish  gray;  parting  into  2-inch  layers; 
wavy  siliceous  laminae  up  to  34-inch  thick;  some  color  laminae  on 
weathered  surfaces. 

Covered. 

Dolomite,  medium-gray,  very  finely  crystalline;  weathers  very  pale 
orange  to  yellowish  gray;  poorly  bedded. 

Dolomite,  medium-gray;  weathers  light  gray  to  yellowish  gray; 
strongly  laminated  with  alternating  layers  of  very  finely  crystalline 
and  finely  crystalline  dolomite  in  upper  1 34  feet  and  lower  1 34 
feet;  lower  134  feet  is  platy  and  silty. 

Covered  interval.  Stratigraphic  thickness  calculated  using  bedding 
attitude,  and  direction  and  distance  between  exposures.  Scattered 
small  outcrops  of  light  gray  and  medium-gray  dolomite  (total  4 
feet),  and  light  gray  to  light-brownish-gray  and  medium-gray 
limestone  (total  4 feet)  occur  in  covered  interval.  Stratigraphic 
thickness: 

Limestone,  medium-gray  to  medium-dark-gray,  finely  and  coarsely 
crystalline;  weathers  medium  light  gray  to  medium  gray;  lami- 
nated with  layers  up  to  34-inch  thick  of  very  finely,  finely  and  me- 
dium crystalline  limestone;  a few  medium-gray  dolomite  laminae 
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up  to  j/^-inch  thick;  3-inch  laminated  medium-gray  dolomite  bed 
at  top.  3 

Covered.  1 Yi 

Limestone,  medium-light-gray,  medium  crystalline;  indistinct  cleav- 
age laminae;  silty  patches  on  weathered  surface.  2 

Dolomite,  medium-gray,  very  finely  crystalline;  weathers  yellowish 
gray;  parting  into  XYi-  to  5-inch  layers,  few  indistinct  laminae  on 
weathered  surface;  unit  pinches  and  swells  laterally.  1 

Limestone,  medium-gray,  finely  and  medium  crystalline;  indistinct 

cleavage  laminae;  silty  patches  on  weathered  surface.  2Yi 

Dolomite,  medium-gray,  very  finely  crystalline;  weathers  grayish 
yellow  and  light  olive  gray;  parting  into  1-  to  2-inch  layers;  color 
laminae  up  to  3^-inch  thick  on  weathered  surface;  silty  in  part.  1 

Limestone,  light-gray,  medium-light-gray  and  medium-gray,  medi- 
um and  coarsely  crystalline;  weathers  light  gray;  parting  into  2- 
inch  layers  in  upper  Y2  foot,  remainder  indistinctly  bedded;  a 3- 
inch  bed  of  medium.-dark-gray,  very  finely  crystalline  dolomite 
occurs  Yi  foot  from  top  and  another  at  base  of  unit.  5 

Covered.  1 

Interlaminated  limestone  and  dolomite,  medium-gray  and  medium- 
dark-gray,  very  finely  crystalline  dolomite,  and  finely  to  medium 
crystalline  limestone;  weathers  light  gray  and  dolomite  weathers 
yellowish  gray;  laminae  up  to  thick.  2 

Covered.  \Yi 

Limestone,  medium-light-gray,  medium  crystalline;  laminated.  1 

Traverse  75  feet  west  parallel  to  strike.  Section  continues  along  east 
edge  of  Conestoga  Creek.  Covered  interval  determined  by  calcula- 
tion using  attitude  of  rocks  and  elevation  change.  Stratigraphic 
position  confirmed  by  correlation  of  rocks.  Covered.  3 

Limestone,  medium-gray  and  medium-dark-gray,  very  finely  and 
finely  crystalline;  silty  laminae  up  to  J^-inch  thick  weather  into 
conspicious  ribs.  3 

Covered.  2 

Limestone,  medium-light-gray  and  medium-gray,  very  finely,  finely 
and  medium  crystalline;  parting  into  1-  to  2-inch  layers;  strongly 
laminated  with  abundant  silty  laminae  up  to  3^-inch  thick;  two 
2-  to  3-inch  beds  of  medium-light-gray  dolomite  occur  in  this  unit.  4 

Covered  interval  except  for  a few  small  separated  exposures  of  very- 

light-gray  and  light-gray,  silty  limestone.  7 

Dolomite,  light-gray,  medium-light-gray,  light-olive-gray,  and  pink- 
ish-gray, cryptocrystalline;  parting  into  1-inch  to  1-foot  layers; 
color  laminated;  some  silty  laminae;  a 3-inch  bed  of  medium-gray, 
finely  to  medium  crystalline  limestone  occurs  1 foot  from  top  of 
unit.  6 

Dolomite,  medium-light-gray  and  medium-gray,  very  finely  crystal- 
line; parting  into  1-  to  4-inch  layers;  well  laminated;  silty  laminae 
up  to  3^-inch  thick.  7 

Covered . 1 Yi 

Dolomite,  medium-light-gray  and  medium-gray,  very  finely  crystal- 
line; parting  into  5-  to  8-inch  layers;  indistinctly  laminated  in  up- 
per Yi  foot.  3 

Dolomite,  medium-dark-gray,  finely  crystalline  and  cryptocrystal- 
line. 3 
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Feet 

Covered.  1 

Dolomite,  medium-gray,  very  finely  and  finely  crystalline;  parting 

into  3-  to  6-inch  layers;  some  siliceous  laminae.  4 

Covered.  2J4 

Dolomite,  medium-dark-gray,  very  finely  crystalline;  parting  into 
1-inch  to  1-foot  layers;  silty  laminae  up  to  inch  thick;  platy  in 
part.  4 

Covered.  7 

Limestone,  medium-gray  to  medium-dark-gray,  finely  crystalline; 

abundant  silty  laminae.  1 

Covered.  Y2 

Dolomite,  medium-light-gray,  very  finely  crystalline.  1 

Covered.  1 

Dolomite,  medium-light-gray  to  medium-gray,  very  finely  crystal- 
line; parting  into  1-  to  4-inch  layers;  silty  in  part.  14^ 

Covered.  1 

Dolomite,  medium-gray,  very  finely  crystalline;  parting  into  1-inch 
to  1-foot  layers;  silty  laminae  in  most  beds. 

Covered.  1 ^ 

Dolomite,  medium-gray,  very  finely  crystalline;  some  siliceous  lami- 
nae spaced  1 to  3 inches  apart;  some  fine  color  laminae  in  lower 
part.  XYi 

Covered.  1 

Dolomite,  medium-light-gray  and  light-gray,  very  finely  crystalline; 
weathers  very  pale  orange  to  yellowish  gray;  parting  into  to 
1 H'foot  beds.  6 

Dolomite,  medium-light-gray  to  medium-gray,  very  finely  crystal- 
line; weathers  very  pale  orange  to  yellowish  gray;  parting  into  1- 
to  5-inch  layers;  silty  laminae  up  to  1 inch  thick;  mud  cracks  in 
some  beds.  3 

Dolomite,  medium-light-gray  to  medium-gray,  very  finely  crystal- 
line; parting  into  4-  to  5-inch  layers;  silty  laminae  in  lower 
feet.  3 

Covered.  lYi 

Dolomite,  medium-gray,  very  finely  crystalline;  fine  silty  laminae  up 

to  }/g  inch  thick  throughout  unit.  1 

Covered.  1 

Limestone,  medium-light-gray,  medium  crystalline;  fine  silty  lami- 
nae throughout  unit.  Yi 

Dolomite,  medium-gray,  cryptocrystalline  to  very  finely  crystalline.  Yi 

Limestone,  medium-dark-gray,  finely  and  medium  crystalline.  1 

Dolomite,  medium-gray,  very  finely  crystalline;  color  laminated.  1 

Covered.  1 

Dolomite,  medium-gray,  very  finely  and  finely  crystalline;  parting 
into  1-  to  3-inch  layers;  silty  laminae  or  silty  beds  occur  through- 
out the  unit.  2 

Covered.  20 

Dolomite,  medium-light-gray  and  medium-gray,  very  finely  crystal- 
line; contains  silty  laminae.  XYi 

Covered.  XYi 

Dolomite,  medium-gray,  very  finely  crystalline;  contains  very  dis- 
tinct silty  laminae.  lYi. 
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Covered. 

Dolomite,  medium-light-gray,  very  finely  crystalline. 

Traverse  400-500  feet  westward  across  Conestoga  Creek.  Section 
continues  on  west  side  of  paper  mill  above  creek.  Covered  interval 
determined  by  calculation  using  attitude  of  rocks  and  elevation 
change. 

Covered. 

Dolomite,  silty,  light-gray,  light-olive-brown,  medium-light-gray, 
and  medium-gray,  very  finely  and  finely  crystalline;  weathers 
moderate  yellowish  brown  to  dark  yellowish  brown,  grayish 
orange,  and  light  olive  gray;  parting  into  1-  to  5-inch  layers;  most 
beds  regularly  laminated;  laminae  defined  by  increased  silt  con- 
tent; wave  ripple  marks  (beds  right  side  up)  1 foot  from  top;  con- 
tains two  shaly  zones  2 to  4 inches  thick;  some  indistinct  mud 
cracks. 

Dolomite,  silty,  medium-light-gray  and  medium-gray,  very  finely  to 
finely  crystalline;  weathers  dark  yellowish  orange  to  light  brown 
and  light  olive  gray;  parting  into  5-inch  to  1-foot  layers;  fine  regu- 
lar laminae;  some  cross  lamination. 

Dolomite,  medium-gray  and  medium-dark-gray,  very  finely  crystal- 
line; weathers  light  gray;  parting  into  1 Yi-  to  4-inch  layers;  regular 
silty  laminae. 

Dolomite,  medium-gray  to  medium-dark-gray,  very  finely  crystal- 
line; weathers  dark  yellowish  orange  and  light  olive  gray;  parting 
into  1-  to  4-inch  layers;  finely  laminated  or  widely  spaced  silty 
laminae;  lower  1 foot  silty. 

Limestone,  light-gray,  mottled,  very  finely  to  finely  crystalline; 
weathers  light  gray. 

Dolomite,  medium-light-gray,  finely  to  medium  crystalline;  weath- 
ers yellowish  gray;  parting  into  Yl-  to  1-foot  layers;  1-inch  silty 
zone  near  middle. 

Dolomite,  medium-gray  and  medium-dark-gray,  very  finely  crystal- 
line; weathers  yellowish  gray  and  light  gray;  parting  into  1-  to 
5-inch  layers;  lower  8 inches  are  silty  and  weather  moderate  yel- 
lowish brown;  fine  regular  laminae  to  more  widely  spaced  laminae 
on  weathered  surface. 

Dolomite,  medium-gray  and  medium-light-gray,  very  finely  and 
finely  crystalline;  weathers  yellowish  gray  to  grayish  yellow;  part- 
ing into  2-  to  4-inch  layers. 

Dolomite,  light-gray,  medium-light-gray,  and  medium-gray,  very 
finely  and  finely  crystalline;  weathers  very  pale  orange  to  very 
light  gray;  parting  into  2-  to  5-inch  layers. 

Dolomite,  silty,  light-olive-gray  to  medium-light-gray,  very  finely 
crystalline;  weathers  yellowish  gray;  parting  into  Yl~  to  2-foot 
layers;  1-inch  laminated  zone  of  calcareous  siltstone  2 feet  from 
top;  wavy,  silty  laminae  in  lower  2 feet. 

Covered. 

Dolomite,  medium-light-gray,  medium-gray,  and  medium-dark- 
gray,  very  finely  and  finely  crystalline;  parting  into  4-  to  10-inch 
layers;  fine  laminae  spaced  about  Y2  inch  apart;  3-inch  medium 
gray,  very  finely  crystalline  limestone  bed  1 foot  from  bottom. 

Dolomite,  medium-gray  and  medium-dark-gray,  very  finely  and 
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finely  crystalline;  weathers  grayish  yellow;  parting  into  3-  to  5- 
inch  layers. 

Covered. 

Dolomite,  silty,  medium-light-gray  to  light-olive-gray,  finely  crystal- 
line; weathers  moderate  yellowish  brown;  parting  into  1 to 
5-inch  layers;  contains  unevenly  spaced  fine  laminae;  mud  cracks 
in  some  beds. 

Dolomite,  medium-light-gray  to  medium-dark-gray,  very  finely  and 
finely  crystalline;  weathers  yellowish  gray;  parting  into  3-inch 
layers;  contains  unevenly  spaced  fine  laminae  near  middle  of  unit. 

Dolomite,  silty,  light-gray,  medium-light-gray,  and  light  brownish- 
gray;  very  finely  crystalline;  parting  into  Y2-  to  2-inch  layers;  con- 
tains fine  regular  laminae;  platy;  mud  cracks  in  some  beds. 

Dolomite,  medium-light-gray  to  medium-gray,  very  finely  crystal- 
line; weathers  very  pale  orange  to  yellowish  gray;  parting  into 
XYi-  to  6-inch  layers;  few  fine  laminae  and  cross  laminae  (right 
side  up)  in  lower  4 inches. 

Dolomite,  medium-dark-gray,  cryptocrystalline  to  very  finely  crys- 
talling; weathers  light  olive  gray;  parting  into  1-  to  4-inch  layers; 
some  indistinct  laminae;  two  shaly  zones  in  lower  part  containing 
disseminated  pyrite. 

Dolomite,  medium-light-gray  to  light-brownish-gray,  and  medium- 
gray,  very  finely  and  finely  crystalline;  weathers  light  gray,  pink- 
ish gray,  and  yellowish  gray;  parting  into  2-  to  10-inch  layers;  con- 
tains regular  fine  laminae;  4-inch  shaly  zone  in  middle  containing 
disseminated  pyrite. 

Dolomite,  medium-light-gray  to  medium-gray,  very  finely  to  finely 
crystalline;  weathers  yellowish  gray  to  light  olive  gray;  parting 
into  4-inch  to  1 3^-foot  layers;  contains  regular  fine  laminae  in  low- 
er two  thirds  of  unit;  a 3-inch  shaly  zone  occurs  3 feet  from  top; 
J/^-foot  light-brownish-gray,  finely  crystalline  limestone  lens  at  top. 

Dolomite,  medium-gray  and  medium-dark-gray,  finely  and  medium 
crystalline;  weathers  light  gray;  parting  into  2-  to  6-inch  layers, 
poorly  bedded. 

Dolomite,  medium-gray,  light-brownish-gray,  and  medium-light- 
gray,  very  finely  crystalline;  weathers  yellowish  gray  and  dark 
yellowish  orange;  parting  into  1-  to  6-inch  layers;  contains  very 
distinct  fine  regular  laminae;  silty  in  part;  J^-inch  black  laminae 
in  bottom  Yi  foot,  scattered  pyrite. 

Limestone,  medium-gray,  finely  crystalline;  some  light  gray  mottles; 
weathers  mottled  light  and  medium  gray;  parting  into  1-  to  10- 
inch  layers;  contains  disseminated  pyrite. 

Dolomite,  medium-light-gray,  medium-gray,  and  light-gray,  very 
finely  and  finely  crystalline;  weathers  yellowish  gray,  very  distinct 
regular  color  and  silty  laminae;  silty  in  part;  float  contains  excel- 
lent mud  cracks. 

Limestone,  very-light-gray,  medium  crystalline;  weathers  very  pale 
orange;  cleavage  laminated. 

Dolomite,  silty,  pale-yellowish-brown,  very  finely  and  finely  crys- 
talline; weathers  yellowish  gray;  parting  into  2-  to  8-inch  layers; 
color  laminated. 

Dolomite,  light-gray,  and  light-brownish-gray,  very  finely  and 
finely  crystalline;  weathers  grayish  orange  to  yellowish  gray;  part- 


Feet 

5 

1 


2 

7 

1 


4 


3 


3 


1014 

3 


14 

2 


8 


2 


APPENDIX 


87 


Feet 

ing  into  2-  to  5-inch  layers;  some  yellowish  gray  dolomite  with 
light  gray  laminae  near  top,  remainder  contains  silty  laminae  up 
to  l.'i  inch  thick;  grades  into  medium  dark  gray  platy  and  shaly 
dolomite  near  base.  5 

Covered.  30 

Dolomite,  medium-dark-gray,  medium-gray,  and  light-gray,  very 
finely  crystalline;  weathers  yellowish  gray;  parting  into  3-inch  to 
1-foot  layers;  laminated;  some  finely  to  medium  crystalline  lami- 
nae; contains  disseminated  pyrite.  12 

Limestone,  medium-dark-gray,  very  finely  and  medium  crystalline; 
weathers  medium  light  gray;  contains  patches  and  stringers  of 
dolomite.  1 3^ 

Dolomite,  medium-gray,  finely  crystalline;  weathers  grayish  orange; 
parting  into  4-  to  10-inch  layers;  lower  half  laminated  on  weath- 
ered surface.  23^ 

Limestone,  light-gray  to  medium-light-gray,  finely  crystalline; 

weathers  very  light  gray  to  light  gray;  pinches  and  swells.  3^ 

Dolomite,  medium-light-gray,  medium-gray,  and  medium-dark-gray, 
finely  to  medium  crystalline;  weathers  very  pale  orange;  parting 
into  3-  to  15-inch  layers;  contains  two  3^-foot  thick  laminated  shaly 
to  platy  dolomite  zones;  some  mud  cracks  visible.  133^ 

Limestone,  white  to  medium-light-gray,  finely  and  coarsely  crystal- 
line; weathers  very  light  gray  and  light  gray.  3^ 

Dolomite,  silty,  pale  yellowish-brown  to  light-olive-gray,  very  finely 
and  finely  crystalline;  weathers  very  pale  orange;  parting  into  3- 
to  10-inch  layers;  few  }/g-  to  34'iiich  laminae;  3^-foot  dolomitic 
sandstone  at  top.  63^ 

Dolomite,  medium-light-gray  and  medium-gray,  very  finely  and 
finely  crystalline;  parting  into  2-  to  4-inch  layers;  indistinctly  lami- 
nated; few  }y^-inch  shale  laminae;  silty  in  part;  disseminated  pyrite 
in  lower  1 foot.  83^ 

Covered  interval.  Stratigraphic  thickness  calculated  using  bedding 
attitude,  and  direction  and  distance  between  exposures.  Strati- 
graphic thickness:  250-275 

Dolomite,  medium-gray,  very  finely  crystalline;  weathers  very  pale 
orange  and  yellowish  gray;  parting  into  3^-inch  to  8-inch  layers; 
unevenly  spaced  laminae;  some  indistinct  cross  laminae;  2-inch 
sandstone  bed  near  middle.  33^ 

Dolomite,  medium-light-gray  and  medium-gray,  very  finely  crystal- 
line; weathers  yellowish  gray;  parting  into  1-inch  to  1-foot  layers; 
yg-  to  34-inch  shaly  laminae  spaced  several  inches  apart.  11 

Dolomite,  medium-  to  medium-dark-gray,  very  finely  and  finely  crys- 
talline; weathers  yellowish  gray  to  pale  olive;  parting  into  2-  to 
6-inch  layers.  2 

Dolomite,  medium-light-gray,  medium  crystalline,  sparkling;  in- 
distinct light  gray  mott  es.  134 

Covered.  0-2 

Dolomite,  medium-light-gray,  medium  crystalline,  sparkling; 
weathers  yellowish  gray  and  light  gray;  parting  into  2-  to  6-inch 
layers.  43^ 

Dolomite,  medium-light-gray,  very  finely  to  finely  crystalline;  part- 
ing into  6-  to  12-inch  layers.  3 
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Dolomite,  mediuin-light-gray  to  medium-gray,  very  finely  crystal- 
line; weathers  light  gray  and  yellowish  gray;  parting  into  1-  to 
4-inch  layers;  laminated  in  part.  4 

Covered.  5 

Dolomite,  silty,  light-gray  to  light-brownish-gray,  very  finely  crystal- 
line. 2 

Dolomite,  very-light-gray  to  medium-light-gray,  medium  and 
coarsely  crystalline,  weathers  light  gray;  parting  into  Yt-  to  \ Yl- 
foot  layers;  Yi'  to  t^-inch  laminae  spaced  1 to  3 inches  apart  on 
weathered  surface.  3 

Covered.  5 

Dolomite,  medium-light-gray  to  medium-gray,  very  finely  to  finely 

crystalline;  partmg  into  ^ o-  to  1-foot  layers.  \Yi 

Dolomite,  medium-light-gray  to  medium-gray,  medium  and  coarsely 
crystalline;  sparkling;  weathers  very  light  gray;  indistinct  parting 
into  4-inch  to  1-foot  layers;  faint  laminae  on  weathered  surface  in 
part.  10 

Dolomite,  medium-light-gray  and  medium-gray,  very  finely  to  finely 
crystalline;  parting  into  4-inch  to  1-foot  layers;  faintly  laminated 
in  upper  7 feet;  well  laminated  in  bottom  2 feet.  9 

Covered  interval.  Stratigraphic  thickness  calculated  using  bedding 
attitude,  and  direction  and  distance  between  exposures.  Strati- 
graphic thickness:  80-100 

Dolomite,  silty,  pinkish-gray,  grayish-orange-pink,  and  very  pale 
orange,  cryptocrystalline  to  very  finely  crystalline;  weathers  gray- 
ish yellow  to  yellowish  gray;  parting  into  1-  to  3-inch  layers;  fine 
prominent  siliceous  laminae;  micaceous  partings.  AYl 

Dolomite,  very  pale  orange  to  pinkish-gray  to  white,  cryptocrystal- 
line to  very  finely  crystalline;  weathers  very  pale  orange  to  very 
light  gray;  parting  into  4-inch  to  1 3^-foot  layers;  few  faint  laminae 
on  weathered  surface.  4 

Dolomite,  white  to  very  pale  orange,  cryptocrystalline  to  very  finely 
crystalline;  weathers  white  to  very  light  gray;  fine  regular  to  anas- 
tomosing laminae  on  weathered  surface.  \Yi 

Dolomite,  light-gray,  pinkish-gray  to  very  pale  orange,  cryptocrys- 
talline to  very  finely  crystalline;  weathers  very  pale  orange  to  yel- 
lowish gray;  parting  into  Yl~  to  1-foot  layers;  faint  laminae  on 
weathered  surface  in  part.  "hYi 

Covered.  1 

Dolomite,  pinkish-gray  to  very-light-gray,  very  finely  crystalline.  1 

Dolomite,  medium-light-gray  to  medium-gray,  cryptocrystalline  to 
very  finely  crystalline  and  very  finely  crystalline;  weathers  very 
pale  orange  to  yellowish  gray;  parting  into  4-inch  to  1-foot  layers.  hYi 

Dolomite,  light-gray  to  medium-gray,  finely  to  medium  crystalline, 

sparkling;  some  darker  laminae  on  fresh  surface.  7 

Dolomite,  light-gray  to  medium-light-gray  and  medium-gray,  very 

finely  crystalline;  parting  into  6-inch  layers;  faint  laminae.  Y/l 

Dolomite,  very  pale  orange  to  yellowish-gray  and  light-gray,  crypto- 
crystalline and  very  finely  crystalline;  parting  into  3-  to  8-inch 
layers;  some  faint  laminae;  bottom  Y/i  feet  is  silty.  ^Yl 

Covered.  1 

Dolomite,  silty,  very  pale  orange  to  yellowish-gray,  very  finely  crys- 
talline; weathers  moderate  yellowish  brown  to  dark  yellowish 
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orange;  parting  into  2-  to  6-inch  layers;  unevenly  spaced  laminae. 

Dolomite,  pinkish-gray,  finely  to  medium  crystalline;  weathers  very 

light  gray;  well  laminated  on  weathered  surface.  1 

Dolomite,  medium-light-gray  and  medium-gray,  finely  to  medium 
crystalline;  parting  into  7-  to  10-inch  layers;  some  faint  laminae; 
bedding  N 75°  E,  35°  S.  5}^ 

Covered.  4 

Dolomite,  medium-gray,  very  finely  to  finely  crystalline;  weathers 
light  gray  to  yellowish  gray;  parting  into  1-  to  6-inch  layers;  faint 
laminae  on  weathered  surface.  1 3/^ 

Covered.  10 

Dolomite,  silty,  very  pale  orange,  very  finely  crystalline;  weathers 
yellowish  gray  to  grayish  orange;  parting  into  to  6-inch  layers; 
few  faint  laminae  on  weathered  surface.  5 

Dolomite,  very  pale  orange  to  white  and  light  olive  gray  to  white, 
very  finely  crystalline;  weathers  very  pale  orange  and  yellowish 
gray;  parting  into  134"  to  10-inch  beds;  some  beds  are  faintly 
laminated  on  weathered  surface;  several  to  1-inch  thick  zones 
of  platy  laminae.  7 

Dolomite,  medium-light-gray  and  yellowish-gray  to  light-olive- 

gray,  very  finely  crystalline;  parting  into  1-  to  3-inch  layers;  platy.  134 

Dolomite,  medium-light-gray,  very  finely  crystalline;  weathers  yel- 
lowish gray;  parting  into  4-  to  8-inch  layers;  some  beds  are  lami- 
nated on  weathered  surface.  3 

Dolomite,  medium-gray,  finely  to  medium  crystalline;  light-gray 
mottles;  weathers  light  gray  to  medium  light  gray;  parting  into  2- 
to  12-inch  layers.  2 

Dolomite,  medium-light-gray  and  medium-gray,  very  finely  crystal- 
line; weathers  yellowish  gray  and  light  gray;  parting  into  2-  to 
10-inch  layers.  5 

Dolomite,  medium-light-gray  and  light-gray,  very  finely  crystalline; 
weathers  yellowish  gray;  parting  into  134'  to  6-inch  layers;  few 
platy  laminae.  4 

Dolomite,  medium-light-gray  to  medium-gray,  finely  and  medium 
crystalline,  massive;  few  faint  laminae  on  weathered  surface  in 
upper  4 feet.  11 

Covered.  3 

Dolomite,  medium-light-gray  and  medium-gray,  very  finely  and 
finely  crystalline;  weathers  light  gray  and  yellowish  gray;  parting 
into  1-  to  4-inch  layers;  finely  laminated  on  weathered  surface; 

34-inch  siliceous  laminae  spaced  34*  to  4-inches  apart.  534 

Dolomite,  light-gray  and  medium-light-gray,  medium  and  coarsely 
crystalline,  sparkling;  some  darker  mottles;  weathers  very  light 
gray  and  light  gray;  massive  except  for  1 foot  layer  at  top.  9 

Dolomite,  medium-light-gray  and  medium-gray,  finely  crystalline; 
parting  into  2-  to  10-inch  layers;  few  34'  to  34"iitch  siliceous 
laminae.  834 

Ledger  Formation 

Dolomite,  light-gray,  medium  to  coarsely  crystalline,  sparkling; 

medium-gray  mottles;  weathers  light  gray;  massive.  20 -f- 
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Section  4 

Section  along  Pennsylvania  railroad  right  of  way  located  0.2  miles  west  of  Salunga  or 
approximately  at  40°06'20"  N latitude  and  between  76°26'05"  W and  76°26'20"  W 
longitude.  Section  begins  at  west  end  with  beds  overturned  and  dipping  south. 

(Measured  by  A.  Becher) 


Upper  Cambrian 

Conococheague  Group 

Buffalo  Springs  Formation 

Dolomite,  grayish-pink  to  pale-yellowish-brown,  very  finely  crystal- 
line; weathers  pale  to  dark  yellowish  orange;  parting  into  3^^-  to 
3-inch  layers;  laminae  and  thin  beds  containing  very  fine- 
grained quartz  sand  near  top  and  bottom  of  unit. 

Dolomite,  light-gray  to  light-brownish-gray,  very  finely  crystalline; 
weathers  grayish  orange  to  grayish  yellow;  parting  into  3-  to 
6-inch  layers;  finely  veined  with  calcite. 

Limestone,  light-gray,  croptocrystalline  to  very  finely  crystalline; 
weathers  very  light  gray  to  light  gray;  grayish-pink  to  pale  red 
laminae  up  to  1 3^  inches  thick  which  weather  very  pale  orange 
to  moderate  orange  pink. 

Covered. 

Limestone,  very  light-gray  and  light-brownish  gray,  very  finely 
crystalline;  weathers  very  light  gray  and  pinkish  gray;  stylolitic 
laminae  in  upper  8 inches;  small  cryptozoon  8 inches  from  top; 
grayish  orange  weathering  dolomitic  patches  and  masses  in 
lower  9 inches. 

Limestone,  medium-gray  to  medium-light-gray,  finely  crystalline; 
weathers  medium  light  gray;  oolitic  in  upper  4 inches;  grades 
downward  to  grayish  orange  weathering  dolomite  containing 
lenses  and  patches  of  very  fine-grained  quartz  sand  which 
weather  dark  yellowish  brown;  veined  with  calcite  and  quartz 
in  lower  part. 

Limestone,  medium-light-gray  to  light-brownish-gray,  very  finely 
to  finely  crystalline;  weathers  white  to  light  brownish  gray;  few 
stylolitic  laminae. 

Covered. 

Dolomite,  argillaceous,  medium-gray,  very  finely  crystalline; 
weathers  olive  gray  and  moderate  yellowish  brown;  some  fine 
bedding  laminae. 

Covered. 

Dolomite,  argillaceous,  light-olive-gray  and  medium-gray,  very 
finely  crystalline;  weathers  dark  yellowish  orange  and  light 
brown;  parting  into  4-  to  12-inch  layers;  laminae  containing  silt 
and  very  fine-grained  quartz  sand;  some  indistinct  ripple  marks; 
platy  in  zones  of  parting. 

Covered.  Probably  argillaceous  dolomite. 

Limestone,  light-gray  to  light-brownish-gray,  finely  crystalline; 
weathers  light  gray;  some  stylolitic  laminae. 

Dolomite,  medium-light-gray  to  light-olive-gray,  very  finely 
crystalline;  weathers  moderate  yellowish  brown;  limestone 
stringers  in  upper  3 inches,  grading  to  laminae  at  base. 
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Limestone,  light-gray  to  light-brownish-gray,  very  finely  crystal- 
line; weathers  very  light  gray;  fine  irregular  dolomitic  laminae  in 
lower  3 inches;  oolitic  in  upper  3 inches;  some  flat  dolomite 
pebble  conglomerate  at  base. 

Dolomite,  medium-light-gray  to  light-brownish-gray,  very  finely 
crystalline;  weathers  grayish  orange  and  light  brown;  abundant 
yellowish  brown  weathering  laminae;  mud  cracks;  fine  calcite 
veins  perpendicular  to  bedding;  coarsely  crystalline  patches  of 
calcite  in  lower  1 foot. 

Covered. 

Dolomite,  medium-light-gray,  very  finely  crystalline;  weathers 
pale  yellowish  orange  and  grayish  orange;  parting  into  4-  to  9- 
inch  layers;  laminae  containing  very  fine-grained  quartz  sand; 
rare  lenses  of  coarsely  crystalline  calcite. 

Covered. 

Dolomite,  medium-gray,  very  finely  crystalline;  weathers  moderate 
yellowish  brown;  fine  color  laminae;  pods  and  stringers  of 
medium-dark-gray  limestone  containing  pyrite. 

Covered. 

Limestone,  medium-gray,  very  finely  crystalline;  fine  dolomitic  and 
argillaceous  laminae  and  cross-laminae ; some  coarsely  crystalline 
calcite  patches;  fissile  in  upper  4 inches. 

Dolomite,  light-gray  to  medium-light-gray,  very  finely  crystalline; 
weathers  moderate  yellowish  brown;  parting  into  1-  to  7-inch 
layers;  some  indistinct  laminae;  few  limestone  stringers  in  lower 
3 inches;  argillaceous  in  part' 

Covered. 

Limestone,  dolomitic,  pinkish-gray  and  yellowish-gray  to  medium- 
light-gray,  very  finely  crystalline;  weathers  pinkish  gray  to  gray- 
ish orange;  parting  into  4-  to  6-inch  layers;  fine  bedding  laminae 
in  part;  dolomite  in  disseminated  grains  and  stringers;  2-inch 
dolomite  bed  near  top  of  unit;  erosional  contact  with  underlying 
unit. 

Dolomite,  grayish-orange  to  pale-yellowish-brown,  very  finely 
crystalline;  weathers  dark  yellowish  orange  to  light  brown; 
parting  into  4-inch  layers;  platy  in  part;  fine  veins  of  quartz  and 
calcite. 

Covered. 

Dolomite,  medium-gray,  very  finely  crystalline;  weathers  light 
olive  gray  and  yellowish  gray  to  grayish  orange;  parting  into  1- 
to  5-inch  layers;  moderate  brown  weathering  laminae  up  to  1 
inch  thick;  a 3-inch  fissile,  argillaceous  bed  occurs  2 feet  from 
top  and  a 4-inch  fissile,  argillaceous  bed  with  disseminated 
pyrite  feet  from  base;  indistinct  ripple  marks. 

Covered. 

Dolomite,  argillaceous,  medium-gray,  very  finely  crystalline; 
deeply  weathered,  weathers  dark  yellowish  orange  to  dark 
yellowish  brown;  laminated. 

Covered. 

Dolomite,  medium-dark-gray,  very  finely  crystalline;  weathers 
yellowish  gray  to  grayish  orange;  parting  into  1-  to  3-inch  layers; 
few  laminae,  argillaceous  in  part. 

Covered. 
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Feet 

Limestone,  inedium-dark-gray,  finely  crystalline;  weathers  light 

gray;  some  anastomosing  silty  or  dolomitic  laminae.  1 

Covered.  3J4 

Dolomite,  medium-gray  to  medium-dark-gray,  very  finely  and 
finely  crystalline;  weathers  light  olive  gray  and  yellowish  gray 
to  grayish  orange;  parting  into  6-  to  18-inch  layers;  a 1-foot  lam- 
inated, platy,  mud-cracked  zone  occurs  1^  feet  from  base.  6 

Covered. 

Dolomite,  medium-gray  to  medium-dark-gray,  very  finely  crystal- 
line; weathers  yellowish  gray  to  light  olive  gray;  finely 
laminated;  platy  in  part.  4 

Dolomite,  medium-gray,  very  finely  crystalline;  weathers  yellowish 

gray;  finely  laminated;  thickens  and  thins.  1 

Limestone,  medium-dark-gray,  very  finely  crystalline;  weathers 
light  gray  and  medium  light  gray;  a distorted  3^-inch  brown 
chert  bed  occurs  3 inches  from  top;  cryptozoon(?)  in  lower  7 
inches.  1 

Dolomite,  medium-gray,  very  finely  crystalline;  weathers  very  pale 
orange  to  yellowish  gray;  a 1-inch  bed  of  distorted  brown  chert 
occurs  at  top;  discontinuous  thin  zone  of  disrupted  dolomite 
laminae  in  a limestone  matrix  occurs  3 inches  below  chert  bed; 
cryptozoon  2 to  5 inches  across  at  base;  pinches  and  swells. 

Limestone,  medium-dark-gray  and  dark-gray,  very  finely  crystal- 
line; weathers  light  gray  to  medium  gray;  very  pale  orange 
weathering  dolomitic  laminae  and  thin  beds;  grayish  red  to  pale 
brown  weathering  anastomosing  laminae;  porous  chert  zone  near 
middle;  micro  scale  low  angle  thrust;  veins  of  calcite  and  quartz.  2 

Dolomite,  medium-dark-gray,  very  finely  crystalline;  weathers 
grayish  orange;  laminae  spaced  1 to  2 inches  apart;  3-inch 
dark-gray  oolitic  limestone  bed  at  base  grading  into  overlying 
dolomite. 

Dolomite,  light-gray,  very  finely  crystalline;  weathers  grayish 
orange  to  yellowish  gray;  calcareous  in  part;  3-inch  bed  of  light 
gray  limestone  at  base;  veins  of  calcite  and  quartz.  \]/i 

Covered.  3 

Dolomite,  light-gray  to  medium-light-gray,  very  finely  crystalline; 

weathers  yellowish  gray;  shattered  and  finely  veined  with  calcite.  1 34 

Interlaminated  limestone  and  dolomite;  limestone,  oolitic  or 
pelletal  medium-light-gray  to  grayish-purple,  very  finely  and 
finely  crystalline;  weathers  medium  gray  to  light  brownish  gray; 
dolomite,  pale-yellowish-brown,  very  finely  crystalline;  weathers 
yellowish  gray  to  grayish  orange.  1 34 

Dolomite,  medium-gray,  very  finely  crystalline;  weathers  yellowish 
gray  to  grayish  orange;  parting  into  2-  to  5-inch  layers;  lam- 
inated in  part;  some  flat  pebble  conglomerate;  thin  limestone 
lens  3 inches  from  top.  1 34 

Limestone,  medium-dark-gray,  finely  crystalline;  weathers  light 
gray;  some  discontinuous  dolomitic  laminae;  few  stylolitic 
laminae;  some  flat  dolomite  pebble  conglomerate  near  base; 
some  fossile  detritus  and  oolites.  34 

Dolomite,  medium-light-gray  to  medium-dark-gray,  very  finely 
crystalline;  weathers  yellowish  orange  to  dark  yellowish  brown; 


APPENDIX 


93 


parting  into  6-  to  18-inch  layers;  slightly  anastomosing  laminae 
in  most  beds;  few  cross-laminae;  a 2-inch  light  gray  limestone 
bed  occurs  1 foot  from  top  and  a 3-inch  medium-light-gray 
limestone  bed  containing  disseminated  pyrite  occurs  2 feet  from 
top;  dark  gray  fissile  shale  in  thin  zone  4 feet  from  top;  few  mud 
cracks  and  flow  casts. 

Covered. 

Dolomite,  medium-gray  and  medium-dark-gray,  very  finely  crys- 
talline, weathers  grayish  orange  and  moderate  yellowish  brown; 
parting  into  1-  to  4-inch  layers;  few  fine  laminae;  several  fissile 
zones;  gradational  from  underlying  unit. 

Limestone,  medium-gray  to  medium-dark-gray,  very  finely  and 
finely  crystalline;  weathers  light  gray  to  medium  light  gray; 
parting  into  1-  to  2-foot  layers;  few  stylolitic  laminae;  dolomite 
in  disseminated  grains  and  irregular  laminae  and  patches;  Yl- 
foot  dark-gray  dolomite  bed  occurs  lYl  feet  from  top  and  is 
gradational  from  underlying  limestone;  4-inch  medium-dark- 
gray  dolomite  bed  occurs  1 34-feet  from  top  and  is  gradational 
from  underlying  limestone;  some  pelletal  beds;  lower  34  foot 
fissile. 

Dolomite,  medium-light-gray  to  dark-gray,  very  finely  crystalline; 
weathers  yellowish  gray  to  grayish  orange  to  moderate  yellowish 
brown;  laminated;  few  wave  ripple  marks,  mud  cracks  and  flow 
casts;  few  thin  beds  of  flat  limestone  pebble  conglomerate  with 
fine-grained  quartz  sand. 

Dolomite,  medium-gray,  very  finely  crystalline;  weathers  yellowish 
gray;  cryptozoon  from  2 to  3 inches  to  1 foot  across;  veins  of 
calcite  perpendicular  to  bedding. 

Limestone,  oolitic,  medium-dark-gray,  very  finely  crystalline; 
weathers  medium  light  gray;  dolomite  replacing  oolites  and  in 
laminae;  3-inch  medium-gray  dolomite  bed  at  base  grading  into 
overlying  limestone. 

Limestone,  medium-gray  and  medium-dark-gray,  very  finely 
crystalline;  weathers  light  gray  to  medium  light  gray;  very  ir- 
regular anastomising  dolomitic  laminae  and  patches,  oolitic  in 
upper  34  foot  with  dolomite  replacing  some  oolites  and  fine, 
more  regular  dolomitic  laminae. 

Dolomite,  light-gray  and  medium-light-gray,  very  finely  crystal- 
line, weathers  moderate  yellowish  brown  to  moderate  brown  and 
grayish  orange;  abundant  laminae  containing  very  fine- 
grained quartz  sand;  mud  cracks;  fissile  in  lower  1 foot. 

Dolomite,  medium-light-gray  to  light-brownish-gray,  very  finely 
crystalline;  weathers  very  pale  orange  to  grayish  orange;  parting 
into  1-  to  7-inch  layers;  few  shaly  laminae;  few  laminae  and 
lenses  containing  fine-grained  quartz  sand  at  base. 

Limestone,  dark  gray,  cryptocrystalline  to  very  finely  crystalline; 
weathers  medium  light  gray  to  medium  dark  gray;  dolomitic 
patches  and  laminae  at  base  becoming  less  abundant  upward; 
some  very  light-gray  patches  and  streaks;  gradational  from 
underlying  unit. 

Dolomite,  medium-gray  to  medium-dark-gray,  very  finely  crystal- 
line; weathers  grayish  orange  to  moderate  brown;  parting  into 
1-  to  5-inch  layers;  abundant  laminae  and  thin  beds  containing 
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silt  and  very  fine-grained  quartz  sand;  few  dark-gray  shale 
laminae;  few  mud  cracks;  fissile  to  platy  near  middle;  some  dis- 
seminated pyrite. 

Dolomite,  medium-gray  to  medium-dark-gray,  very  finely  crystal- 
line; weathers  yellowish-gray;  parting  into  2-  to  5-inch  layers; 
grades  upward  into  a dolomitic  and  shaly,  laminated  5-inch 
limestone  bed  which  is  sparsely  oolitic  at  the  base;  thick  calcite 
veins  perpendicular  to  bedding. 

Dolomite,  medium-gray,  very  finely  crystalline;  weathers  grayish 
orange  to  light  brown;  laminae  containing  silt  and  very  fine- 
grained quartz  sand  in  upper  34  foot;  fissile  in  lower  34  foot. 

Dolomite,  medium-gray  to  medium-dark-gray,  very  finely  crystal- 
line; weathers  very  pale  orange  to  yellowish  gray;  massive;  sparse 
fine  laminae  containing  silt  in  lower  4 inches;  quartz  and  calcite 
veins  perpendicular  to  bedding. 

Dolomite,  medium-gray,  very  finely  crystalline;  weathers  grayish 
orange  and  moderate  brown;  laminae  up  to  1 inch  thick  con- 
taining silt;  few  mud  cracks. 

Dolomite,  medium-gray  to  medium-dark-gray,  very  finely  crystal- 
line; weathers  very  pale  orange  to  yellowish  gray;  sparse  fine 
laminae  containing  silt  in  lower  4 inches;  quartz  and  calcite 
veins  perpendicular  to  bedding. 

Dolomite,  medium-gray  to  medium-dark-gray,  very  finely  crystal- 
line; weathers  grayish  orange  to  light  brown  or  moderate  brown; 
abundant  laminae  up  to  34  inch  thick  containing  silt;  some 
cross-laminae;  fissile  to  platy. 

Dolomite,  medium-gray  to  medium-dark-gray,  very  finely  to  finely 
crystalline;  weathers  very  pale  orange  to  yellowish  gray  and  light 
olive  gray;  parting  into  1-  to  434-foot  layers;  thick  laminae 
at  base,  becoming  finer  upward;  contains  very  fine-grained 
quartz  sand  in  lower  1 foot;  4-inch  platy,  finely  laminated  zone 
5 feet  from  base;  quartz  and  calcite  veins  perpendicular  to 
bedding. 

Dolomite,  medium-gray  to  medium-dark-gray,  very  finely  crystal- 
line; weathers  grayish  orange  to  light  brown  or  pale  reddish 
brown;  parting  into  2-  to  5-inch  layers;  abundant  laminae  and 
beds  containing  silt  and  very  fine-grained  quartz  sand;  thin 
calcareous  zone  1 foot  from  base  grading  both  up  and  down  into 
fissile  dolomite;  few  mud  cracks;  disseminated  pyrite;  platy  to 
fissile. 

Interlaminated  limestone  and  dolomite,  medium-dark-gray,  very 
finely  crystalline  to  cryptocrystalline;  weathers  light  gray  and 
grayish  orange;  irregular  laminae;  grades  upward  into  medium- 
light-gray,  calcareous  dolom  te  with  a few  silty  laminae. 

Dolomite,  medium-gray  to  medium-dark-gray,  very  finely  crystal- 
line; weathers  grayish  orange  to  moderate  brown;  parting  into 
2-  to  6-inch  layers;  few  mud  cracks;  mostly  platy  to  fissile,  abun- 
dant laminae  containing  silty  and  very  fine-grained  quartz  sand. 

Limestone,  I ght-gray  to  medium-light-gray,  very  finely  crystalline; 
weathers  very  light  gray  to  medium  light  gray;  irregular  dolo- 
mite laminae  in  lower  1 foot  grading  to  stylolitic  laminae  at  top; 
color  streaked  at  top;  gradational  from  underlying  unit. 
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Dolomite,  medium-dark-gray  and  dark-gray,  very  finely  crystal- 
line; weathers  grayish  orange  pink  to  yellowish  gray;  lower  23^ 
feet  contain  very  fine-grained  quartz  sand  in  laminae  up  to  1 
inch  thick;  laminae  thin  upwards;  indistinctly  laminated  in 
upper  part,  quartz  and  calcite  veins  perpendicular  to  bedding. 

Dolomite,  medium-gray  and  medium-dark-gray,  very  finely  crys- 
tahine;  weathers  grayish  orange  to  light  brown  or  olive  gray; 
laminae  up  to  1 inch  thick  containing  silt  and  very  fine-grained 
quartz  sand;  few  cross  laminae;  few  mud  cracks;  platy  to  fissile. 

Dolomite,  medium-gray,  very  finely  crystalline  to  cryptocrystalline ; 
weathers  yellowish  gray;  parting  into  1-  to  3-inch  layers;  faintly 
laminated;  gradational  from  underlying  unit. 

Dolomite,  medium-gray,  very  finely  crystalline;  weathers  grayish 
orange  and  light  brownish  gray;  abundant  laminae  up  to  1 inch 
thick  containing  silt  and  very  fine-grained  quartz  sand;  fissile 
at  base. 

Limestone,  very-light-gray  to  medium-light-gray,  very  finely 
crystalline;  weathers  white  to  medium  light  gray;  stylolitic  and 
dolomitic  laminae  grading  into  5-inch  yellowish  gray  weathering 
dolomite  at  top. 

Dolomite,  medium-light-gray  to  light-brownish-gray,  very  finely 
crystalline;  weathers  yellowish  gray  to  grayish  orange;  parting 
into  1-  to  5-inch  layers  with  hard  silty  laminae  between  layers; 
finely  laminated. 

Limestone,  light-gray  to  medium-gray  and  dark-gray,  very  finely 
crystalline;  weathers  light  gray  to  medium  gray;  parting  into  3- 
to  5-  inch  layers;  1-foot  laminated  yellowish-gray  weathering 
dolomite  in  middle  of  unit  which  grades  up  and  down  into  lime- 
stone with  dolomitic  laminae;  limestone  contains  disseminated 
coarse  calcite  crystals,  some  normal  and  reverse  micro  faults 
in  upper  limestone. 

Dolomite,  medium-gray  to  medium-dark-gray,  very  finely  crystal- 
line; weathers  yellowish  gray  to  grayish  orange;  parting  into  1- 
to  3-inch  layers;  finely  laminated  or  weathered  surfaces;  few 
laminae  containing  silt  or  very  fine-grained  sand  near  base;  2- 
inch  olive  gray  weathering  platy  zone  at  top;  gradational  from 
underlying  unit. 

Dolomite,  silty,  medium-dark-gray,  very  finely  crystalline; 
weathers  dark  yellowish  brown  to  olive  gray;  parting  into 
to  5-inch  layers;  abundant  laminae  and  beds  up  to  3 inches 
thick  containing  very  fine-grained  quartz  sand;  8-inch  medium- 
dark-gray  fissile  limestone  feet  from  base;  argillaceous  in 
lower  1 feet;  platy  in  part. 

Covered. 

Dolomite,  medium-gray  to  medium-dark-gray,  very  finely  crystal- 
line; weathers  yellowish  gray;  parting  into  1-  to  8-inch  layers; 
finely  laminated;  few  laminae  up  to  1 inch  thick  containing  very 
fine-grained  quartz  sand  in  lower  1 foot;  3-inch  cryptozoon(?) 
bed  1 Yi  feet  from  base;  platy  near  top;  gradational  from  under- 
lying unit. 

Dolomite,  medium-light-gray  to  medium-dark-gray,  very  finely 
crystalline;  weathers  light  olive  gray  and  grayish  orange  to 
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yellowish  gray;  laminated;  abundant  laminae  containing  silt 
and  very  fine-grained  quartz  sand  in  upper  2 feet;  platy  to  fissile; 
few  mud  cracks. 

Limestone,  medium-gray  to  medium-dark-gray,  very  finely  crystal- 
line; weathers  medium  light  gray;  stylolitic  laminae;  dis- 
seminated coarse  calcite  crystals;  2-inch  yellowish  gray  weather- 
ing dolomite  at  top. 

Dolomite,  medium-gray,  very  finely  crystalline;  weathers  yellowish 
gray  grading  to  light  olive  gray  at  base;  parting  into  2-  to  7-inch 
layers;  some  beds  finely  laminated;  few  hard  shaly  partings; 
calcareous  at  top;  gradational  from  underlying  unit. 

Limestone,  dark-gray,  very  finely  crystalline;  weathers  medium 
gray  to  medium  light  gray;  few  indistinct  dolomite  laminae  and 
patches;  gradational  from  underlying  unit. 

Dolomite,  medium-light-gray  to  medium-gray,  very  finely  crystal- 
line; weathers  yellowish  gray  grading  to  light  olive  gray  at  base; 
laminated;  laminae  and  beds  up  to  4 inches  thick  containing 
very  fine-grained  quartz  sand;  some  hard  dark  shaly  laminae; 
few  cross-laminations  and  mud  cracks;  disseminated  pyrite; 
platy  to  fissile  in  upper  2’  j feet. 

Limestone,  medium-gray  to  medium-dark-gray,  very  finely  crystal- 
line; weathers  light  gray  to  medium  light  gray;  strong  cleavage 
laminae;  color  laminated  in  upper  2 inches;  vein  of  quartz  and 
calcite  at  base  of  unit. 

Dolomite,  medium-dark-gray,  very  finely  crystalline;  weathers 
yellowish  gray;  parting  into  3-  to  8-inch  layers;  laminated  in 
lower  *2  foot;  few  hard  shaly  partings. 

Limestone,  medium-dark-gray;  very  finely  crystalline;  weathers 
light  gray;  few  irregular  dolomitic  laminae;  gradational  with 
overlying  and  underlying  units. 

Dolomite,  medium-gray  and  medium-dark-gray,  very  finely 
crystalline;  weathers  yellowish-gray. 

Dolomite,  medium-dark-gray,  very  finely  crystalline;  weathers 
light  olive  gray,  grayish  orange  and  moderate  yellowish  brown; 
parting  into  1-  to  7-inch  layers;  laminae  and  cross-laminae  con- 
taining very  fine-grained  quartz  sand;  one  7-inch  bed  of 
medium-gray  sandy  dolomite,  weathering  light  brown  and 
containing  dark  hard  shaly  partings;  platy  to  fissile  at  top  and 
bottom. 

Limestone,  medium-gray,  very  finely  crystalline;  weathers  light 
gray  to  medium  light  gray;  few  stylolitic  and  argillaceous 
laminae;  color  bands  and  streaks;  2-inch  fossil  detritus  zone  1 
foot  from  base. 

Dolomite,  medium-gray  and  medium-dark-gray,  very  finely 
crystalline;  weathers  light  olive  gray,  grayish  orange  and  light 
brown;  abundant  laminae  and  beds  up  to  1 foot  thick  con- 
taining silt  and  very  fine-grained  quartz  sand;  cross-lamination; 
few  wave  ripple  marks;  disseminated  pyrite;  fissile  to  platy  in 
part. 

Dolomite,  medium-dark-gray,  very  finely  crystalline;  weathers 
grayish  orange;  parting  into  1-  to  3-inch  layers;  lower  6 inches 
dark  gray  and  platy. 


APPENDIX 


Dolomite,  medium-dark-gray,  very  finely  crystalline;  weathers 
yellowish  gray  to  grayish  orange ; parting  into  1 - to  3-inch  layers ; 
laminae  containing  silt  and  very  fine-grained  quartz  sand. 

Dolomite,  medium-gray,  very  finely  crystalline;  weathers  light 
olive  gray  to  yellowish  gray;  parting  into  1-inch  and  12-  to  15- 
inch  layers;  3-inch  fissile  zone  5 inches  from  base. 

Dolomite,  medium-gray  to  medium-dark-gray,  very  finely  crystal- 
line; weathers  light  olive  gray  and  yellowish  gray  to  grayish 
orange;  parting  into  4-  to  18-inch  layers;  laminae  in  lower  1 foot 
decreasing  in  abundance  upward;  5-inch  thick  medium-gray 
lensing  limestone  at  top  which  contains  disseminated  dolomite 
grains;  gradational  from  underlying  unit. 

Dolomite,  medium-dark-gray  and  dark-gray,  very  finely  crystal- 
line; weathers  yellowish  gray  to  grayish  orange  to  light  brown; 
parting  into  4-  to  10-inch  layers;  laminae  containing  silt  and 
very  fine-grained  quartz  sand  predominantly  in  upper  33^  feet; 
few  wave  ripple  marks;  some  hard  dark  shaly  laminae  in  lower 
2 feet. 

Covered. 

Dolomite,  medium-dark-gray,  very  finely  crystalline;  weathers 
light  olive  gray  to  yellowish  gray;  parting  into  5-  to  18-inch 
layers;  few  stylolitic  laminae;  interbedded  with  cryptocrystal- 
line, light-olive-gray  to  medium-light-gray,  finely  laminated, 
fissile  to  platy  dolomite;  quartz  and  calcite  veins  perpendicular 
to  bedding. 

Dolomite,  medium-gray  to  medium-dark-gray,  very  finely  crystal- 
line and  cryptocrystalline;  weathers  grayish  orange  to  moderate 
yellowish  brown  and  yellowish  gray  to  light  olive  gray;  parting 
into  2-  to  6-inch  layers;  laminated;  laminae  containing  silt  and 
very  fine-grained  quartz  sand  in  upper  feet,  abundant  fine 
silty  laminae  in  2}^-[oot  zone  1 foot  from  base;  1 3^-foot  zone 
of  disrupted  laminae,  fiat  pebble  conglomerate  and  probably 
wave  rippled  laminae  13^  feet  from  base;  3-inch  dolomitic 
quartzite  3^  foot  from  base;  disseminated  pyrite;  upper  2 feet 
platy. 

Dolomite,  medium-dark  gray,  very  finely  crystalline;  weathers 
yellowish  gray  to  light  olive  gray;  parting  into  4-  to  17-inch 
layers;  few  stylolitic  laminae;  quartz  and  calcite  veins  per- 
pendicular to  bedding;  gradational  from  underlying  unit. 

Dolomite,  medium-dark-gray,  cryptocrystalline;  weathers  olive 
gray;  finely  laminated;  platy. 

Dolomite,  medium-dark-gray,  very  finely  crystalline;  weathers 
yellowish  gray,  grayish  orange  and  light  olive  gray;  parting  into 
2-  to  9-inch  layers;  laminated  in  lower  6 feet  with  laminae 
decreasing  upwards;  quartz  and  calcite  veins  perpendicular  to 
bedding. 

Dolomite,  dark  gray,  very  finely  crystalline;  weathers  light  olive 
gray  to  yellowish  gray;  massive;  some  stylolitic  laminae;  quartz 
and  calcite  veins  perpendicular  to  bedding;  gradational  from 
underlying  unit. 

Dolomite,  medium-gray  to  dark-gray,  very  finely  crystalline  to 
cryptocrystalline;  weathers  yellowish  gray  to  moderate  yellowish 
brown  and  medium  dark  gray  to  olive  gray;  laminae  containing 
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silt,  very  fine-grained  quartz  sand,  and  some  coarse-grained 
quartz  sand;  mud  cracks;  disseminated  pyrite;  fissile  to  platy. 

Covered. 

Dolomite,  medium-gray  to  dark-gray,  very  finely  crystalline  to 
cryptocrystalline;  weathers  yellowish  gray  to  moderate  yellowish 
brown;  parting  into  1-  to  8-inch  layers;  laminated;  platy  in  part. 

Limestone,  medium-dark-gray,  very  finely  crystalline;  weathers 
light  gray  to  medium  light  gray,  disseminated  grains,  patches, 
and  irregular  laminae  of  dolomite ; 3-inch  lens  of  brownish-black 
chert  2 inches  below  top;  gradational  from  underlying  unit. 

Dolomite,  medium-gray,  to  medium-dark-gray,  very  finely  crystal- 
line; weathers  yellowish  gray  to  grayish  orange  and  moderate 
brown;  parting  into  1-  to  9-inch  layers;  few  laminae  near  top 
becoming  abundant  near  base;  laminae  contain  silty  and  very 
fine-grained  quartz  sand;  lower  5 feet  platy  and  contain  dis- 
seminated pyrite. 

Covered. 

Dolomite,  medium-gray  to  medium-dark-gray  and  light-brownish- 
gray  to  light-olive-gray,  very  finely  crystalline;  weathers  yellow- 
ish gray  to  grayish  orange;  parting  into  2-  to  7-inch  layers  in 
upper  7 feet;  lower  3 feet  massive;  few  laminae  in  upper  7 feet. 

Covered. 

Dolomite,  medium-light-gray  to  light-olive -gray,  very  finely 
crystalline;  weathers  grayish  orange;  parting  into  1-  to  5-inch 
layers;  laminated;  platy  in  part. 

Covered. 

Dolomite,  medium-light-gray  and  pale-yellowish-brown,  very 
finely  crystalline  to  cryptocrystalline;  weathers  grayish  orange 
and  light  brown  to  moderate  yellowish  brown;  laminated 
throughout;  laminae  containing  silty  and  very  fine-grained 
quartz  sand  in  lower  1 foot;  mud  cracks  common.  Argillaceous 
in  part;  disseminated  pyrite;  platy  to  fissile. 

Covered. 

Dolomite,  pale-yellowish-brown  to  light-olive-gray  and  medium- 
dark-gray,  very  finely  crystalline;  laminated;  disseminated 
pyrite;  platy  to  fissile. 

Dolomite,  medium-gray  to  medium-dark-gray  to  light-brownish 
gray,  very  finely  crystalline;  weathers  yellowish  gray  to  grayish 
orange;  lower  53^  feet  laminated;  1 foot  gradational  zone  of 
argillaceous,  platy  to  fissile;  moderate  brown  weathering  dolo- 
mite 2 feet  from  base;  few  pyrite  cubes  weathered  to  limonite. 

Covered. 

Dolomite,  light-gray  to  light-olive-gray,  very  finely  crystalline; 
weathers  grayish  orange  and  dark  yellowish  orange  to  light 
brown;  abundant  laminae  and  thin  beds  containing  very  fine- 
grained quartz  sand;  few  mud  cracks;  strong  cleavage  laminae. 

Covered. 

Dolomite,  light-gray  to  medium-dark-gray,  very  finely  crystalline; 
weathers  grayish  orange  to  moderate  yellowish  brown;  parting 
into  2-  to  7-inch  layers;  laminated. 

Covered.  Deeply  weathered  silty  to  argillaceous  dolomite  float. 

Dolomite,  medium-gray  and  medium-light-gray  to  light-olive- 
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gray,  very  finely  crystalline;  weathers  grayish  orange  to  light 
brown;  laminated;  few  laminae  containing  very  fine-grained 
quartz  sand;  platy. 

Covered.  Dolomite  float. 

Dolomite,  medium-gray,  very  finely  crystalline;  weathers  yellow- 
ish gray. 

Covered. 

Dolomite,  light-gray  to  light-olive-gray,  very  finely  crystalline; 
parting  into  2-  to  3-inch  layers. 

Covered. 

Dolomite,  yellowish-gray  to  pinkish-gray,  very  finely  and  finely 
crystalline;  few  laminae;  quartz  and  calcite  veins. 

Covered. 

Dolomite,  medium-gray  to  medium-dark-gray  to  light  olive-gray; 
very  finely  crystalline;  weathers  grayish  orange  to  light  brown; 
laminated;  disseminated  pyrite  cubes;  platy  to  fissile  in  upper 
11  feet;  cleavage  laminated. 

Covered. 

Dolomite,  medium-gray  to  light-olive-gray,  very  finely  crystalline; 
weathers  grayish  orange  to  moderate  brown;  laminated;  few 
laminae  containing  silt  and  very  fine-grained  quartz  sand; 
few  mud  cracks;  disseminated  pyrite;  platy  to  fissile. 

Covered. 

Limestone,  medium-gray  to  medium-dark-gray,  finely  crystalline; 
weathers  medium  light  gray. 

Dolomite,  medium-gray  to  medium-dark-gray,  very  finely  crystal- 
line; weathers  grayish  orange  to  moderate  brown  and  yellowish 
gray;  parting  into  1-  to  4-inch  layers;  laminated  except  for  16- 
inch  bed  6}/2  feet  from  base;  abundant  disseminated  pyrite  in 
some  beds;  possible  minor  bedding-plane-normal  fault  4 feet 
from  base. 

In  core  of  overturned  fold.  Core  is  not  a simple  flexure  but  is  a 
complex  of  folding  and  minor  faulting.  Section  following  is  east 
of  the  fold  and  minor  normal  fault.  The  beds  are  right  side  up. 

Limestone,  very-light-gray  to  medium-light-gray,  very  finely 
crystalline;  some  stylolitic  laminae;  color  streaked,  a 3-  to  5-inch 
irregular  bed  of  yellowish  gray  weathering  dolomite  which  is 
brecciated  in  places  and  veined  with  quartz  and  calcite  occurs 
1 to  2 feet  from  top;  dolomite  also  occurs  in  disseminated  grains 
and  patches;  gradational  from  underlying  unit. 

Dolomite,  light-gray,  light-olive-gray  and  medium-light-gray, 
very  finely  to  finely  crystalline;  weathers  yellowish  gray  and 
grayish  orange  to  moderate  brown;  parting  into  2-  to  14-inch 
layers;  laminae  and  thin  beds  containing  silt  and  very  fine- 
grained quartz  sand;  some  minor  intraformational  conglom- 
erate; few  cross-laminations;  gradational  from  underlying  unit. 

Limestone,  white  to  light-gray  to  grayish-pink,  very  finely  to  finely 
crystalline;  weathers  white  to  grayish  pink;  few  distorted 
dolomite  laminae  at  top;  few  quartzitic  laminae  near  base; 
some  stylo'itic  laminae;  coarse  calcite  crystals  in  patches. 

Dolomite,  medium-light-gray  to  medium-gray,  very  finely  to 
finely  crystalline;  weathers  yellowish  gray  to  grayish  orange  to 
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moderate  brown;  parting  into  3-  to  7-inch  layers;  laminae  and 
beds  containing  silt  and  very  fine-grained  quartz  sand;  laminae 
most  abundant  at  base  with  none  at  top. 

Limestone,  medium-gray  to  medium-dark-gray,  very  finely  crystal- 
line; weathers  very  light  gray  to  medium  gray;  dolomite  in  dis- 
torted laminae,  thin  beds  and  patches;  few  stylolitic  laminae; 
some  patches  of  coarse  calcite  crystals;  disseminated  pyrite; 
gradational  to  overlying  unit. 

Dolomite,  medium-dark-gray;  very  finely  crystalline;  weathers 
yellowish  gray;  parting  into  2-  to  8-inch  layers;  laminated  on 
weathered  surfaces;  two  3-inch  beds  1 foot  and  \\A  feet  from 
base  which  weather  earthy  olive  black;  minor  intraformational 
flat  pebble  conglomerate. 

Limestone,  medium-gray  to  medium-light-gray,  very  finely 
crystalline;  weathers  light  gray  to  medium  light  gray;  dolomite 
in  disseminated  grains  and  irregular  fine  laminae;  some  pinkish 
gray  zones;  disseminated  coarse  calcite  crystals;  gradational 
from  underlying  unit.. 

Dolomite,  medium-gray  to  medium-dark-gray,  very  finely  crystal- 
line; weathers  yellowish  gray  and  grayish  orange  to  moderate 
brown;  parting  into  5-  to  12-inch  layers;  laminated  except  in 
upper  1 foot;  abundant  laminae  and  beds  in  lower  part  decreas- 
ing upward;  laminae  contain  silt  and  very  fine-grained  quartz 
sand,  indistinct  ripple  marks;  few  cross  laminations,  dis- 
seminated pyrite;  gradational  from  underlying  unit. 

Limestone,  medium-gray  to  medium-light-gray,  very  finely  crystal- 
line; weathers  very  light  gray  to  medium  light  gray;  dolomite  in 
laminae,  thin  beds  and  patches  mostly  in  upper  Yz  foot;  nodular 
masses  and  lenses  of  coarse  crystalline  calcite;  disseminated 
pyrite;  gradational  from  underlying  unit. 

Dolomite,  medium-light-gray  to  medium-gray,  very  finely  crystal- 
line; weathers  yellowish  gray  to  grayish  orange;  parting  into  2- 
to  18-inch  layers;  two  1-  to  2-inch  hard,  dark-gray  weathering, 
pyritic  and  quartzitic  beds  in  lower  ]'2  foot;  4-inch  silty, 
laminated  zone  1 ’ •>  feet  from  base  which  is  gradational  upwards 
and  downwards;  gradational  from  underlying  unit. 

Limestone,  medium-dark-gray  to  dark-gray,  very  finely  and  finely 
crystalline;  weathers  medium  gray  to  medium  dark  gray; 
anastomosing  irregular  dolomitic  laminae  and  patches. 

Dolomite,  medium-dark-gray,  very  finely  crystalline;  weathers 
yellowish  gray  to  moderate  yellowish  brown;  parting  into  1-  to 
10-inch  layers;  laminated;  stylolitic  laminae  containing  hard 
dark  shaly  parting;  few  thin  argillaceous  and  silty  beds  and  one 
1-foot  bed  near  base;  some  cross-laminations;  disseminated 
pyrite;  gradational  from  underlying  unit. 

Dolomite,  medium-dark-gray,  very  finely  crystalline;  weathers 
pale  yellowish  brown  to  moderate  yellowish  brown;  laminae  and 
beds  containing  silt  and  very  fine-grained  quartz  sand;  grades  to 
dark  gray  shale  at  top  and  bottom;  abundant  disseminated 
pyrite;  platy  to  fissile;  gradational  from  underlying  unit. 

Dolomite,  medium-light-gray  to  dark-gray,  very  finely  and  finely 
crystalline;  weathers  grayish  orange  to  moderate  brown;  parting 
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into  1-  to  12-inch  layers;  laminae  containing  silt  and  very  fine- 
grained quartz  sand;  few  mud  cracks;  few  thin  zones  of  intra- 
formational  conglomerate;  disseminated  pyrite;  mostly  platy  to 
fissile. 

Dolomite,  medium-gray  to  medium-dark-gray,  very  finely  crystal- 
line; weathers  yellowish  gray  to  moderate  brown;  parting  into  2- 
12-  inch  layers;  few  laminae;  hard  shaly  laminae  separating 
most  beds;  3-inch  dark-gray  shale  bed  2J^  feet  from  base;  15- 
inch  bed  at  top  contains  thin  pebble  conglomerate  zone  and  silt 
and  very  fine-grained  quartz  sand  laminae;  gradational  from 
underlying  unit. 

Limestone,  very-light-gray,  gray  to  medium-gray,  very  finely 
crystalline;  weathers  light  gray  to  medium  light  gray;  dolomite 
in  disseminated  grains;  patches,  stringers,  and  irregular  laminae; 
abundant  pebb'e  conglomerate;  stylolitic  lower  contact. 

Dolomite,  medium-gray  to  medium-dark-gray,  very  finely  crystal- 
line; weathers  yellowish  gray  to  grayish  orange;  parting  into  1- 
to  15-inch  layers;  laminated;  platy  to  fissile  zone  in  middle. 

Fault  bearing  N 75°  E,  65°  S.  Probably  a strike-slip  fault.  Corre- 
lation across  fault  unknown. 

Dolomite,  medium-gray  to  medium-dark-gray,  very  finely  crystal- 
line; weathers  yellowish  gray  to  moderate  brown  and  light  olive 
gray;  parting  into  2-  to  12-inch  layers;  mostly  laminated;  some 
cross-laminations;  some  1-  to  2-inch  shale  beds  in  lower  2.Y2  feet; 
platy  to  fissile  in  part. 

Dolomite,  medium-gray  to  medium-dark-gray,  very  finely  crys- 
talline; weathers  very  pale  orange  to  yellowish  gray;  faintly 
laminated  in  part;  few  sty  olitic  laminae;  few  minor  conglom- 
erate beds;  laminae  containing  silt  and  very  fine-grained  quartz 
sand  in  Yi  foot  zone  2Y2  feet  from  base;  calcite  and  quartz  veins. 

Dolomite,  medium-gray  and  medium-dark-gray  to  light-brownish- 
gray  to  light-olive-gray,  very  finely  crystalline;  weathers 
yellowish  gray  to  moderate  brown,  parting  into  1-  to  8-inch 
layers;  laminae  and  beds  containing  silt  and  very  fine-grained 
quartz  sand;  some  shale  laminae  and  thin  beds;  few  minor 
conglomeratic  beds;  some  soft  sediment  deformation;  mud 
cracks. 

Dolomite,  medium-gray  to  medium-dark-gray,  very  finely  crystal- 
line; weathers  yellowish  gray  to  very  pale  orange;  massive; 
laminated  in  part;  few  thin  zones  of  flat  pebble  conglomerate; 
few  stylolitic  laminae. 

Dolomite,  light-gray  to  light-brownish-gray  and  medium-light- 
gray  to  medium-gray;  very  finely  crystalline;  weathers  yellow- 
ish gray  to  moderate  brown;  parting  into  2-  to  12-inch  layers; 
laminae  and  thin  beds  containing  silt  and  very  fine-grained 
quartz  sand;  few  zones  of  cross-laminations;  several  zones  of 
minor  conglomerate;  mud  cracks. 

Limestone,  very-light-gray  to  medium-dark-gray,  very  finely  crys- 
talline; weathers  very  light  gray  to  medium-dark-gray;  abun- 
dant dolomite  in  patches,  anastomosing  stringers,  and  irregular 
laminae. 

Dolomite,  medium-light-gray  to  light-brownish-gray  to  light- 
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Feet 

olive -gray,  very  finely  crystalline;  weathers  grayish  orange  to 
light  brown;  parting  into  2-  to  8-inch  layers;  laminated;  laminae 
containing  silt  and  very  fine-grained  quartz  sand  become  rarer 
upward.  314 

Dolomite,  medium-gray  and  medium-dark-gray,  very  finely  and 
finely  crystalline;  weathers  very  pale  orange  to  yellowish  gray; 
parting  into  2-inch  to  3-foot  layers;  mostly  laminated;  some 
stylolitic  laminae;  few  zones  of  minor  flat  pebble  conglomerate; 

34-foot  zone  of  lensing  light-gray  to  medium-light-gray  lime- 
stone containing  dolomitic  laminae  occurs  1 foot  from  top; 
gradational  from  underlying  unit.  734 

Limestone,  medium-light-gray  to  medium-dark-gray,  finely 
crystalline;  weathers  medium  light  gray  to  medium  dark  gray; 
dolomite  in  disseminated  grains  and  patches.  1 


Total  669-771 


Section  5 


Section  located  in  quarries  and  in  stream  cut  along  Little  Chickies  Creek  from  0.5 
miles  north  of  the  Mount  Joy  City  Hall  to  0.4  miles  north  of  the  Mount  Joy  City  Hall  or 
from  approximately  40°07'05"  N latitude  and  76°30T0"  W longitude  to  40°07'00"  N 
latitude  and  76°30'05"  W longitude.  The  entire  stratigraphic  sequence  is  overturned. 

(Measured  by  H.  Meisler  and  A.  Becher) 


Lower  Ordovician 
Beekmantown  Group 
Epler  Formation 

Limestone,  medium-gray  to  dark-gray,  very  finely  and  finely  crys- 
talline; weathers  light  gray,  medium  gray  and  yellowish  gray; 
parting  into  1-  to  5-inch  layers;  bedding  laminae  from  very  fine 
to  1-inch  thick;  some  laminae  undulating  and  anastomosing; 
some  dolomitic  laminae;  several  thin  beds  and  stringers  of  gray 
chert  up  to  1 34  inches  thick  in  lower  17  feet  and  a few  chert 
nodules  4 feet  from  top;  crinoid  stem  plates  in  some  beds;  calcite 
in  gash  fractures  and  veins;  most  beds  appear  dolomitic  on 
weathered  surfaces  but  give  strong  reaction  to  dilute  hydro- 
chloric acid;  many  beds  weather  to  a granular  “salt  and  pepper 
texture.” 

Section  continued  southward  along  Little  Chickies  Creek  based  on 
calculation  from  bedding  attitude.  Correlation  is  uncertain. 

Limestone,  medium-gray  to  medium-dark-gray,  very  finely  and 
finely  crystalline;  weathers  very  light  gray  to  light  gray;  parting 
into  34-  to  3-inch  layers;  laminated;  four  zones  of  white  and 
gray  chert  lenses  34  to  J4  inch  thick;  probably  dolomitic  lime- 
stone in  part;  few  crinoid  stem  plates;  weathers  fissile  to  platy  in 
part. 

Covered. 

Limestone,  dark-gray,  very  finely  crystalline;  weathers  medium 
light  gray;  parting  into  1-  to  2-inch  layers  in  lower  134  feet; 
massive  in  upper  2 feet. 
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Dolomite,  medium-gray  and  dark-gray,  very  finely  crystalline; 

shattered;  veined  with  calcite  and  quartz.  4 

Limestone,  medium-gray  to  medium-dark-gray,  very  finely  crys- 
talline; weathers  light  gray;  contains  a few  silty  laminae.  1 

Dolomite,  medium-light-gray  and  medium-dark-gray,  very  finely 

crystalline;  shattered;  veined  with  calcite  and  quartz.  4 

Covered.  4 

Dolomite,  medium-dark-gray,  very  finely  crystalline,  shattered; 

veined  with  calcite  and  quartz.  XYi 

Covered.  Yl 

Limestone,  medium-dark-gray,  cryptocrystalline  to  very  finely 

crystalline;  weathers  very  light  gray;  laminated.  1 

Dolomite,  medium-dark-gray,  very  finely  crystalline;  weathers 
white  to  very  light  gray;  parting  into  4-  to  9-inch  layers;  faintly 
color  laminated  in  lower  Y/i  feet;  calcareous  in  upper  Y/i  feet.  3 

Covered.  5-10 

Dolomite,  medium-gray  and  medium-dark-gray,  very  finely  crys- 
talline; weathers  white  to  very  light  gray;  parting  into  Yl-  to 
134-foot  layers;  a 4-inch  lens  of  medium-gray  mottled  and 
streaked  limestone  located  3 feet  from  top;  lower  contact  undu- 
lates as  in  boudinage.  6 

Limestone,  medium-gray  to  dark-gray,  very  finely  crystalline; 
weathers  very  light  to  light  gray;  parting  into  1-  to  7-inch  lay- 
ers; contains  a few  fine  laminae;  platy  in  part.  2 

Dolomite,  medium-gray  to  medium-dark-gray,  very  finely  crys- 
talline, parting  into  1 to  4 inch  layers.  1 

Limestone,  dolomitic,  medium-gray,  very  finely  crystalline; 

weathers  very  light  gray;  parting  into  234-  to  9-inch  layers.  1 34 

Limestone,  medium-dark-gray,  very  finely  crystalline;  weathers 

very  light  gray;  laminated.  434 

Dolomite,  calcareous,  medium-dark-gray,  very  finely  crystalline.  34 

Limestone,  medium-dark-gray,  very  finely  and  finely  crystalline; 
weathers  very  light  gray  and  light  gray;  laminated;  dolomitic 
limestone  in  lower  4 inches.  234 

Covered.  2 

Limestone,  medium-gray  and  medium-dark-gray,  very  finely  to 
finely  crystalline;  weathers  very  light  gray  to  light  gray;  parting 
into  6-  to  12-inch  layers;  finely  laminated.  234 

Traverse  275  feet  in  S30°  E direction  across  a covered  area.  Strati- 
graphic thickness  unknown.  Section  continued  in  unused  quarry. 

Limestone,  medium-gray  to  medium-dark-gray,  very  finely  crystal- 
line. 34 

Dolomite,  medium-light-gray  and  medium-dark-gray,  very  finely 
crystalline;  weathers  light  gray;  parting  into  4-  to  7-inch  layers; 
shattered;  veined  with  calcite;  boudinage.  334 

Limestone,  medium-dark-gray,  very  finely  crystalline;  weathers 
light  gray  to  medium  light  gray;  cleavage  laminated;  pinches 
and  swells.  1 

Dolomite,  medium-gray  to  medium-dark-gray,  very  finely  crys- 
talline; weathers  very  pale  orange;  boudinage.  1 

Limestone,  medium-gray  to  medium-dark-gray,  very  finely  crys- 
talline; weathers  very  light  gray  to  medium  light  gray;  fine  color 
laminae;  pinches  and  swells.  1 


104 


LANCASTER  HYDROGEOLOGY 


Feet 

Dolomite,  medium-dark-gray  to  dark-gray,  very  finely  crystalline; 
weathers  yellowish  gray  to  light  gray;  faintly  laminated;  pinches 
and  swells;  shattered;  veined  with  calcite  and  quartz.  1 

Limestone,  medium-gray  to  medium-dark-gray,  very  finely  crys- 
talline; weathers  very  light  gray  to  light  gray;  laminated; 
weathers  ribbed;  pinches  and  swells;  grades  downward  into 
underlying  unit. 

Dolomite,  medium-gray  to  medium-dark-gray,  very  finely  crystal- 
line; boudinage. 

Limestone,  medium-light-gray  and  medium-gray,  very  finely 
crystalline;  weathers  very  light  gray  to  medium  light  gray;  lami- 
nated; cleavage  laminated;  color  streaked.  3 

Dolomite,  medium-dark-gray,  very  finely  crystalline;  weathers 
light  gray;  boudinage;  shattered;  calcite  veined. 

Limestone,  medium-gray  to  medium-dark-gray;  very  finely  crys- 
talline; weathers  light  gray  to  medium  gray;  cleavage  laminated; 
pinches  and  swells.  ^ 

Dolomite,  medium-gray,  very  finely  crystalline;  weathers  very  pale 
orange  to  yellowish  gray;  parting  into  6-  to  9-inch  layers;  bou- 
dinage; shattered;  veined  with  calcite  and  quartz. 

Limestone,  medium-dark-gray  to  dark-gray,  very  finely  crystal- 
line; weathers  light  gray  to  medium  light  gray;  laminated.  1 

Dolomite,  medium-gray  to  medium-dark-gray,  very  finely  to  finely 
crystalline;  weathers  light  gray  to  yellowish  gray;  parting  into 
8-  to  15-inch  layers;  gradational  into  underlying  unit.  4 

Limestone,  medium-gray  to  medium-dark-gray,  very  finely  to 
finely  crystalline;  weathers  light  gray  to  medium  light  gray; 
some  dolomitic  limestone  laminae  and  zones  in  lower  1 feet; 
cleavage  laminated.  334 

Dolomite,  medium-dark-gray  to  dark-gray,  very  finely  and  finely 
crystalline;  weathers  very  light  gray  to  yellowish  gray;  parting 
into  134-  to  2-foot  layers;  calcareous  dolomite  in  upper  1 foot.  534 

Dolomite,  medium-dark-gray  and  dark-gray,  very  finely  crystal- 
line; weathers  light  gray;  parting  into  2-  to  6-inch  layers; 
laminated.  234 

Covered.  1 

Limestone,  medium-gray  to  medium-dark-gray,  very  finely  to 
medium-crystalline;  weathers  light  gray;  parting  into  2-  to  7- 
inch  layers;  cleavage  laminated.  134 

Limestone,  medium-gray  to  medium-dark-gray,  cryptocrystalline 
to  very  finely  crystalline;  weathers  light  gray;  massive;  lami- 
nated; some  dolomitic  limestone  laminae.  234 

Dolomite,  medium-dark-gray,  very  finely  crystalline;  weathers 
very  light  gray  to  yellowish  gray;  parting  into  2-  to  12-inch 
layers;  an  8-inch  laminated  bed  located  1 foot  from  top;  cal- 
careous dolomite  in  lower  34  foot;  boudinage.  534 

Limestone,  medium-gray,  very  finely  crystalline;  weathers  light 

gray;  laminated;  pinches  and  swells.  1 

Dolomite,  medium-gray  to  dark-gray,  very  finely  crystalline; 
weathers  light  gray  to  yellowish  gray;  parting  into  15-  to  18- 
inch  layers;  boudinage.  2 

Limestone,  medium-gray  to  medium-dark-gray,  very  finely  crys- 
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talline;  weathers  very  light  gray  to  medium  gray;  massive; 
cleavage  laminated;  laminated  dolomitic  limestone  in  upper  4 
inches;  pinches  and  swells.  3 

Dolomite,  medium-gray  to  medium-dark-gray;  very  finely  crystal- 
line; weathers  light  gray  to  yellowish  gray;  boudinage;  veined 
with  calcite  and  quartz.  1 

Limestone,  medium-dark-gray,  very  finely  crystalline;  weathers 

light  gray  to  light  olive  gray;  indistinct  cleavage  laminae.  XYi 

Dolomite,  calcareous,  medium-dark-gray,  very  finely  crystalline; 
weathers  yellowish  gray;  contains  disrupted  limestone  laminae; 
boudinage.  3^ 

Limestone,  medium-gray  and  medium-dark-gray,  very  finely  crys- 
talline; weathers  light  gray;  parting  into  1-  to  12-inch  layers; 
color  laminated;  appears  to  be  dolomitic  in  part;  pinches  and 
swells.  2 

Dolomite,  medium-gray  and  medium-dark-gray,  very  finely  and 
finely  crystalline;  weathers  medium  light  gray;  parting  into  4- 
to  14-inch  layers.  7 

Dolomite,  calcareous,  medium-dark-gray,  very  finely  crystalline; 
weathers  light  gray;  parting  into  6-  to  14-inch  layers;  contains 
limestone  laminae.  234 

Limestone,  medium-gray  to  medium-dark-gray,  very  finely  crys- 
talline; weathers  light  gray;  parting  into  2-  to  5-inch  layers; 
color  laminated.  3^ 

Dolomite,  medium-gray  and  medium-dark-gray,  very  finely  crys- 
talline; weathers  light  gray  to  light  olive  gray;  boudinage; 
shattered.  134 

Limestone,  medium-dark-gray,  very  finely  crystalline;  weathers 
very  light  gray;  parting  into  1-  to  8-inch  layers;  color  laminated 
in  upper  1 foot;  6-inch  bed  of  medium-gray  dolomitic  limestone 
located  4 inches  from  top;  pinches  and  swells.  2 

Dolomite,  medium-dark-gray,  very  finely  crystalline;  weathers 

light  gray;  some  limestone  mottles;  boudinage.  1 

Limestone,  medium-gray  and  medium-dark-gray,  very  finely  crys- 
talline; weathers  very  light  gray  and  light  gray;  cleavage  lami- 
nated; pinches  and  swells.  134 

Limestone,  medium-dark-gray,  very  finely  crystalline;  weathers 
light  gray  and  medium  light  gray;  parting  into  3-  to  15-inch 
layers;  abundant  dolomite  laminae  and  blebs.  6 

Dolomite,  calcareous,  medium-dark-gray  to  dark-gray,  very  finely 

crystalline;  shattered.  1 

Limestone,  medium-dark-gray  to  dark-gray,  very  finely  crystal- 
line ; weathers  light  gray  to  medium  light  gray ; finely  laminated ; 
cleavage  laminated.  2 

Dolomite,  medium-dark-gray,  very  finely  crystalline;  shattered; 

veined  with  calcite.  1 

Section  6 

Section  in  quarry  (northeasternmost  of  two  adjacent  quarries)  located  0.2  miles  north 
f Little  Chiques  Park,  Mount  Joy,  Pa.  and  extending  southward  along  Little  Chickies 
'reek  to  the  Pennsylvania  Railroad  bridge  across  Little  Chickies  Creek  in  Mount  Joy;  or 
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from  approximately  40°07'05''  N latitude  and  76°29'30"  W longitude  to  40°06'30"  N 
latitude  and  76°29'25"  W longitude.  This  section  is  stratigraphically  below  section  5.  The 
entire  stratigraphic  sequence  is  overturned. 

(Measured  by  H.  Meisler  and  A.  Becher) 

Lower  Ordovician 
Beekmantown  Group 
Epler  Formation 

Feet 

Dolomite,  medium-gray,  very  finely  crystalline;  weathers  yellow- 
ish gray;  parting  into  1-  to  3-foot  layers;  irregular  mass  of  dark- 
gray  limestone  in  upper  2 feet;  veined  with  calcite  and  quartz. 

Dolomite,  medium-dark-gray,  very  finely  crystalline;  weathers 
yellowish  gray;  parting  into  5-  to  18-inch  layers;  veined  with 
calcite.  61^ 

Limestone,  medium-dark-gray  to  dark-gray,  very  finely  to  finely 
crystalline;  weathers  medium  gray;  parting  into  2-  to  5-inch 
layers;  dolomite  blebs  in  upper  1 foot;  fossil  detritus  in  34-foot 
zone  located  34  foot  from  top.  134 

Dolomite,  medium-dark-gray  to  dark-gray,  very  finely  crystalline; 

weathers  yellowish  gray;  faint  laminae  in  lower  2 inches.  134 

Limestone,  medium-dark-gray,  very  finely  crystalline;  weathers 
medium  light  gray;  dolomite  laminae  and  thin  interbeds  in 
lower  10  inches;  mud  cracks  on  lower  surface.  2 

Dolomite,  medium-dark-gray,  very  finely  to  finely  crystalline; 
weathers  yellowish  gray;  parting  into  34-  to  2-foot  layers;  34- 
foot  bed  of  pinching  and  swelling  medium-dark-gray  limestone 
located  34  foot  from  base;  few  2-inch  layers  of  shattered  dolo- 
mite; veined  with  calcite  and  quartz.  534 

Dolomite,  medium-dark-gray  to  dark-gray,  very  finely  crystalline; 

weathers  yellowish  gray.  3 

Limestone,  medium-dark-gray;  weathers  medium  light  gray.  134 

Dolomite,  medium-gray  and  medium-dark-gray,  very  finely  crys- 
talline; weathers  very  light  gray  to  yellowish  gray;  parting  into 
6-  to  12-inch  layers;  finely  laminated  in  part;  veined  with  cal- 
cite. 6 

Limestone,  medium-gray  to  medium-dark-gray,  cryptocrystalline 

to  very  finely  crystalline;  weathers  very  light  gray.  34 

Dolomite,  medium-gray  and  medium-dark-gray,  very  finely  and 
finely  crystalline;  weathers  yellowish  gray  to  very  light  gray; 
parting  into  2-  to  12-inch  layers;  finely  laminated  in  part;  lime- 
stone blebs  in  a 5-inch  bed  located  2 feet  below  top.  9 

Limestone,  medium-dark-gray,  very  finely  to  finely  crystalline; 

weathers  medium  light  gray;  abundant  dolomite  laminae.  34 

Dolomite,  medium-gray  and  medium-dark-gray,  very  finely  to 
finely  crystalline;  weathers  yellowish  gray  to  very  light  gray; 
parting  into  1-  to  9-inch  layers;  few  limestone  laminae  in  34"foot 
zone  located  134  feet  below  top;  veined  with  calcite.  5 

Limestone,  dolomitic,  medium-dark-gray  to  dark-gray;  very  finely 

crystalline;  weathers  light  gray;  wavy  laminae;  platy  in  part.  34 

Dolomite,  medium-dark-gray,  very  finely  crystalline;  weathers 

light  gray;  limestone  laminae  in  upper  1 inch.  1 
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Dolomite,  medium-gray  and  medium-dark-gray,  very  finely  and 
finely  crystalline;  weathers  very  light  gray  and  yellowish  gray; 
parting  into  4-  to  12-inch  layers;  finely  color  laminated;  3-inch 
medium-gray  limestone  at  top.  4 

Interlaminated  limestone  and  dolomite,  medium-gray  and  me- 
dium-dark-gray, very  finely  and  finely  crystalline;  dolomite 
weathers  very  light  gray;  limestone  weathers  light  gray;  parting 
into  2-  to  14-inch  layers;  wavy  laminae  up  to  Yl  inch  thick. 

Dolomite,  medium-gray  to  medium-dark-gray,  very  finely  crys- 
talline; weathers  yellowish  gray;  finely  laminated;  veined  with 
calcite.  2 

Limestone,  medium-dark-gray,  very  finely  crystalline;  weathers 

light  gray;  abundant  dolomite  laminae  and  blebs.  \}/2 

Dolomite,  medium-dark-gray,  very  finely  crystalline;  weathers 
yellowish  gray;  parting  into  5-  to  7-inch  layers;  laminated  in 
part;  upper  3^  foot  contains  limestone  and  is  gradational  from 
overlying  unit.  4 

Covered.  2 

Limestone,  medium-gray  to  medium-dark-gray,  very  finely  crys- 
talline; weathers  medium  gray;  parting  into  4-  to  1 5-inch  layers; 
finely  laminated.  2 

Dolomite,  medium-gray  to  medium-dark-gray,  very  finely  to  finely 
crystalline;  weathers  yellowish  gray;  parting  into  3-  to  8-inch 
layers;  pinches  and  swells;  veined  with  calcite.  13^2 

Limestone,  medium-dark-gray,  very  finely  crystalline;  weathers 
medium  light  gray;  abundant  light-olive-gray  dolomitic  lami- 
nae; pinches  and  swells.  1 

Dolomite,  medium-gray  to  medium-dark-gray,  very  finely  crystal- 
line; weathers  yellowish  gray;  shattered;  veined  with  calcite.  1 3^ 

Limestone,  medium-gray  to  medium-dark-gray,  very  finely  crystal- 
line; weathers  very  light  gray  to  light  gray.  3^ 

Dolomite,  calcareous,  medium-dark-gray  to  dark-gray,  very  finely 

crystalline;  shattered;  veined  with  calcite;  pinches  and  swells.  1 

Limestone,  medium-dark-gray,  very  finely  crystalline;  weathers 
light  gray  to  medium  light  gray;  parting  into  2-  to  9-inch  layers; 
cleavage  laminated;  a 1 34'foot  zone  containing  dolomitic  lami- 
nae and  blebs  located  Yi  foot  from  top;  calcite  veins  in  3^-foot 
zone  located  Yi  foot  from  top.  3 

Limestone,  medium-dark-gray  to  dark-gray,  very  finely  crystal- 
line; weathers  light  gray  to  medium  light  gray;  abundant  irregu- 
lar masses  of  dolomite.  13^ 

Dolomite,  medium-dark-gray,  very  finely  crystalline;  weathers 

light  gray;  parting  into  5-  to  16-inch  layers;  shattered.  2 

Traversed  700  feet  in  S45°W  direction  across  a covered  area. 

Stratigraphic  thickness  unknown. 

Limestone,  medium-dark-gray  to  dark-gray,  very  finely  crystal- 
line; weathers  light  gray  to  medium  light  gray;  parting  into  5- 
to  16-inch  layers;  dolomitic  laminae;  cleavage  laminated.  23^ 

Covered.  1 

Dolomite,  medium-dark-gray  to  dark-gray,  very  finely  crystal- 
line; weathers  yellowish  gray;  parting  into  Yi-  and  1 3^-foot 
layers.  2 
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Covered.  3 

Limestone,  medium-dark-gray,  very  finely  crystalline;  weathers 
medium  gray  and  yellowish  gray;  parting  into  2-  to  18-inch 
layers;  laminated;  abundant  dolomitic  laminae.  5}/2 

Dolomite,  calcareous,  dark-gray,  very  finely  crystalline;  weathers 
yellowish  gray;  parting  into  3^-  to  1-foot  layers;  boudinage; 
shattered;  calcite  veined.  2 

Limestone,  medium-dark-gray,  very  finely  crystalline;  weathers 
light  gray  to  medium  light  gray;  parting  into  2-  to  15-inch  lay- 
ers; cleavage  laminated.  3 

Dolomite,  medium-dark-gray,  very  finely  crystalline;  weathers 
yellowish  gray;  shattered;  veined  with  calcite. 

Limestone,  medium-dark-gray  to  dark-gray,  very  finely  crystal- 
line; weathers  medium  light  gray;  finely  laminated.  2 

Dolomite,  medium-dark-gray,  very  finely  to  finely  crystalline; 

weathers  yellowish  gray;  boudinage;  shattered;  calcite  veined.  \}/^ 

Limestone,  medium-dark-gray,  very  finely  crystalline;  weathers 
medium  light  gray  to  medium  gray;  parting  into  2-  to  8-inch 
layers;  34-foot  bed  containing  abundant  dolomite  blebs  located 
34  foot  from  top.  4 

Dolomite,  calcareous,  medium-gray,  very  finely  crystalline;  weath- 
ers yellowish  gray;  boudinage.  34 

Limestone,  medium-dark-gray,  very  finely  crystalline;  weathers 
very  light  gray  to  light  gray;  parting  into  4-  to  8-inch  layers; 
dolomite  laminae  in  upper  1 foot;  cleavage  laminated.  434 

Dolomite,  medium-gray  to  medium-dark-gray,  very  finely  to  finely 

crystalline;  weathers  yellowish  gray;  boudinage.  1 

Limestone,  medium-dark-gray,  very  finely  crystalline;  weathers 
medium  light  gray;  massive;  strongly  laminated;  dolomitic 
limestone  laminae;  platy.  334 

Covered.  2 

Dolomite,  medium-gray  and  medium-dark-gray;  very  finely  to 
finely  crystalline;  weathers  yellowish  gray;  parting  into  34"  to 
1-foot  layers;  faint  laminae  in  lower  1 foot;  boudinage;  shattered; 
veined  with  calcite.  4 

Limestone,  medium-gray  to  medium-dark-gray,  very  finely  crys- 
talline; weathers  light  gray;  laminated;  pinches  and  swe’ls.  1 

Dolomite,  calcareous,  medium-gray,  very  finely  crystalline; 

weathers  yellowish  gray  to  very  light  gray;  boudinage.  1 

Limestone,  medium-light-gray  to  medium-dark-gray,  very  finely 
crystalline;  weathers  light  gray  to  medium  gray;  cleavage  lami- 
nated; pinches  and  swells.  2 

Dolomite,  medium-light-gray,  very  finely  crystalline;  weathers 
very  light  gray;  calcareous  in  lower  3 inches;  boudinage;  veined 
with  calcite.  3 

Traverse  37  feet  in  S20°E  direction  across  covered  area.  Strati- 
graphic thickness  unknown. 

Dolomite,  medium-gray  and  medium-dark-gray,  very  finely  crys- 
talline; weathers  light  gray;  massive;  shattered;  veined  with 
calcite  and  quartz.  3 

Limestone,  medium-dark-gray  to  dark-gray,  very  finely  to  finely 

crystalline;  color  laminated.  34 
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Dolomite,  medium-dark-gray  to  dark-gray,  very  finely  crystal- 
line; veined  with  calcite.  1 

Limestone,  medium-dark-gray,  very  finely  crystalline;  weathers 

medium  light  gray;  laminated.  ]/i 

Dolomite,  medium-dark-gray  to  dark-gray,  very  finely  crystalline; 
parting  into  4-  to  7-inch  layers;  boudinage;  veined  with  calcite 
and  quartz.  434 

Traverse  65  feet  in  S45°E  direction  across  covered  area.  Strati- 
graphic thickness  unknown. 

Dolomite,  medium-gray,  very  finely  to  finely  crystalline;  weathers 

yellowish  gray;  faintly  laminated  in  part;  veined  with  calcite.  134 

Limestone,  medium-gray  to  medium-dark-gray,  very  finely  crys- 
talline; weathers  light  gray;  parting  into  3-inch  to  2*  2‘foot  lay- 
ers; 34-fool  bed  of  dolomitic  limestone  34  foot  below  top;  cleav- 
age laminated.  534 

Dolomite,  calcareous,  medium-gray,  very  finely  to  finely  crystal- 
line; weathers  very  light  gray  to  light  gray;  faint  irregular 
cleavage  laminae;  pinches  and  swells.  1 

Limestone,  medium-gray  to  medium-dark-gray,  very  finely  crystal- 
line; weathers  very  light  gray  to  light  gray;  cleavage  laminated; 
pinches  and  swells.  1 

Dolomite,  calcareous,  medium-dark-gray,  very  finely  crystalline; 

weathers  very  light  gray  to  light  gray;  boudinage.  1 

Limestone,  medium-gray  to  medium-dark-gray,  very  finely  crystal- 
line; weathers  very  light  gray  to  light  gray;  parting  into  3-  to 
6-inch  layers;  cleavage  laminated;  pinches  and  swells.  3 

Dolomite,  medium-gray  to  medium-dark-gray,  very  finely  crystal- 
line; weathers  yellowish  gray;  boudinage;  veined  with  calcite 
and  quartz.  134 

Limestone,  medium-dark-gray,  very  finely  to  finely  crystalline; 
weathers  very  light  gray  to  light  gray;  parting  into  2-  to  12-inch 
layers;  cleavage  laminated;  pinches  and  swells.  3 

Section  continued  by  correlation  across  a 20  foot  break  in  the  out- 
crop. 

Dolomite,  medium-dark-gray,  very  finely  to  finely  crystalline; 

pinching  and  swelling.  1 

Limestone,  medium-dark-gray,  very  finely  to  finely  crystalline; 
weathers  light  gray  to  medium  light  gray;  parting  into  2-  to  8- 
inch  layers;  cleavage  laminated;  pinches  and  swells.  334 

Dolomite,  dark-gray,  very  finely  crystalline;  weathers  light  gray; 

boudinage.  134 

Limestone,  medium-dark-gray  to  dark-gray,  very  finely  crystal- 
line; weathers  very  light  gray  to  medium  light  gray;  dolomitic 
limestone  in  part;  cleavage  laminated;  pinches  and  swells.  4 

Covered.  1 

Limestone,  medium-dark-gray  and  very-light-gray  to  light-olive- 
gray,  very  finely  crystalline;  weathers  light  gray  to  medium 
light  gray;  parting  into  8-inch  and  3-foot  layers;  color  laminated; 
some  dolomite  laminae  in  lower  1 foot.  4 

Dolomite,  medium-dark-gray,  very  finely  crystalline;  boudinage.  1 

Covered.  2 

Dolomite,  medium-dark-gray  to  dark-gray,  very  finely  to  finely 
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crystalline;  weathers  light  gray  to  yellowish  gray;  veined  with 
calcite. 

Traverse  22  feet  in  S50°E  direction  across  break  in  outcrop.  Esti- 
mated covered  interval.  5-10 

Limestone,  medium-gray  to  dark-gray,  very  finely  to  finely  crystal- 
line; weathers  very  light  gray  to  light  gray;  some  bedding  lami- 
nae; cleavage  laminated;  few  crinoid  stem  plates.  17 

Dolomite,  medium-dark-gray  to  dark-gray,  very  finely  crystalline; 

weathers  light  gray  to  yellowish  gray;  boudinage.  \}/2 

Limestone,  medium-light-gray  to  medium-dark-gray,  very  finely 
to  finely  crystalline;  weathers  very  light  gray  to  light  gray;  color 
laminae;  cleavage  laminated.  7 

Dolomite,  medium-gray  to  medium-dark-gray;  finely  crystalline; 
weathers  light  gray  to  yellowish  gray;  parting  into  7-  to  12-inch 
layers;  boudinage.  3 

Limestone,  medium-gray  and  medium-dark-gray,  very  finely  to 
finely  crystalline;  weathers  very  light  gray  to  light  gray;  fine 
bedding  laminae  in  lower  34  foot;  cleavage  laminated.  5 

Limestone,  medium-dark-gray,  very  finely  crystalline;  weathers 
light  gray  and  yellowish  gray;  abundant  dolomitic  limestone 
blebs  and  distorted  laminae.  2 

Dolomite,  calcareous,  medium-dark-gray,  very  finely  crystalline; 
weathers  light  gray  to  light  olive  gray;  limestone  blebs  in  lower 
2 inches.  1 

Limestone,  medium-dark-gray,  very  finely  crystalline;  weathers 
very  light  gray  to  light  gray;  some  bedding  laminae;  cleavage 
laminated;  pinches  and  swells.  3 

Dolomite,  medium-gray  to  medium-dark-gray,  very  finely  to 
finely  crystalline;  weathers  light  gray  to  light-olive  gray;  bou- 
dinage; shattered;  veined  with  calcite  and  quartz.  1 

Limestone,  raedium-dark-gray,  very  finely  to  finely  crystalline; 

weathers  light  gray;  fine  bedding  laminae;  pinches  and  swells.  1 

Dolomite,  medium-dark-gray,  finely  crystalline;  boudinage; 

shattered.  1 

Limestone,  medium-dark-gray,  very  finely  to  finely  crystalline; 

weathers  light  gray;  fine  bedding  laminae.  4 

Dolomite,  medium-dark-gray,  very  finely  to  finely  crystalline; 
weathers  yellowish  gray  to  light  olive  gray;  faint  laminae; 
pinches  and  swells.  1 

Section  continued  by  correlation  across  a covered  area. 

Dolomite,  medium-dark-gray,  very  finely  to  finely  crystalline; 
weathers  light  gray  to  yellowish  gray;  parting  into  3-  to  6-inch 
layers;  faintly  laminated  in  part.  3 

Covered.  4 

Dolomote,  medium-dark-gray,  very  finely  crystalline;  weathers 
yellowish  gray  to  light  olive  gray  and  light  gray;  parting  into  2- 
to  3-inch  layers;  some  faint  laminae.  234 

Break  in  outcrop.  Stratigraphic  thickness  of  covered  interval  un- 
known. 

Limestone,  medium-gray  to  medium-dark-gray,  very  finely  to 
finely  crystalline;  weathers  light  gray;  few  bedding  laminae; 
cleavage  laminated;  some  fossil  detritus  and  crinoid  stem  plates.  7 
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Traverse  270  feet  in  S50°E  direction  across  covered  area.  Strati- 
graphic thickness  unknown. 

Limestone,  medium-dark-gray,  very  finely  crystalline;  weathers 
light  gray;  parting  into  2-  to  7-inch  layers;  some  bedding  lami- 
nae; well  developed  cleavage  laminae;  argillaceous  in  lower  1 3^ 
feet.  434 

Covered  interval  containing  a few  thin  layers  of  argillaceous  lime- 
stone. 3 

Limestone,  medium-gray,  medium-dark-gray,  and  pale-yellowish- 
brown,  very  finely  crystalline;  weathers  light  gray  and  very  pale 
orange  to  grayish  orange;  fine  argillaceous  anastomosing  lami- 
nae; well  developed  cleavage  laminae;  few  crinoid  stem  plates.  11 

Limestone,  argillaceous,  medium-gray  to  light-olive-gray,  very 
finely  crystalline;  weathers  very  pale  orange  to  grayish  orange; 
parting  into  3^-  to  2-inch  layers;  laminated;  fissile  to  platy.  3 

Limestone,  medium-dark-gray,  very  finely  crystalline;  weathers 
light  gray;  fine  dark-gray  weathering  shale  laminae;  abundant 
medium-grained  calcite  on  some  weathered  surfaces;  few  crinoid 
plates.  1 

Dolomite,  medium-dark-gray,  very  finely  to  finely  crystalline; 

pinching  and  swelling;  veined  with  calcite  and  quartz.  13^ 

Limestone,  medium-dark-gray,  very  finely  to  finely  crystalline; 
weathers  very  light  gray  to  light  gray;  laminated;  cleavage 
laminated;  abundant  fossil  detritus;  crinoid  stem  plates  common 
near  top.  7 

Covered.  1 

Limestone,  medium-light-gray  to  medium-dark-gray,  very  finely 
crystalline;  weathers  very  light  gray  to  light  gray;  abundant 
fine  shaly  laminae;  cleavage  laminated.  33^ 

Covered.  2 

Limestone,  medium-light-gray  to  medium-dark-gray;  very  finely  to 
finely  crystalline;  weathers  light  gray;  abundant  shaly  laminae; 
well  developed  cleavage  laminae;  fossil  detritus  common;  crinoid 
stem  plates.  19 

Covered.  4 

Limestone,  medium-dark-gray,  very  finely  to  finely  crystalline; 
weathers  light  gray;  some  fine  shaly  laminae;  strong  cleavage 
laminae.  43^ 

Covered.  34 

Limestone,  very  finely  to  finely  crystalline;  weathers  light  gray  to 
medium  light  gray;  parting  into  5-  to  12-inch  layers;  cleavage 
laminated;  some  fossil  detritus.  234 

Covered.  1 

Limestone,  medium-dark-gray,  very  finely  crystalline;  weathers 

light  gray;  some  shaly  laminae;  strong  cleavage  laminae.  4 

Covered.  2 

Limestone,  medium-gray  to  medium-dark-gray,  finely  crystalline; 

weathers  light  gray;  few  shaly  laminae.  3 

Limestone,  dolomitic,  medium-gray  to  medium-dark-gray,  very 
finely  to  finely  crystalline;  weathers  pale  yellowish  brown  to 
light  olive  gray;  faintly  laminated;  veined  with  calcite  and 
quartz.  1 
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Limestone,  medium-dark-gray,  very  finely  to  finely  crystalline; 
weathers  light  gray;  cleavage  laminated;  abundant  coarse 
grained  calcite  in  some  beds;  veined  with  calcite  and  quartz.  10 

Covered.  1 

Limestone,  medium-dark-gray,  very  finely  and  finely  crystalline; 
weathers  light  gray;  well  developed  cleavage  laminae;  abundant 
fossil  detritus;  some  crinoid  stem  plates;  veined  with  calcite  and 
quartz.  6 

Traverse  60  feet  in  south  direction  across  covered  area. 

Stratigraphic  thickness  unknown. 

Limestone,  medium-dark-gray,  very  finely  crystalline;  weathers 
light  gray  to  medium  light  gray;  some  bedding  laminae;  lower 
1 foot  fissile  to  platy.  4 

Covered.  \]/2 

Limestone,  medium-dark-gray  to  dark-gray,  very  finely  crystal- 
line; weathers  light  gray  to  medium  light  gray;  distinct  cleavage 
laminae. 

Limestone,  light-gray  to  light-brownish-gray  and  very  pale  orange, 
very  finely  crystalline;  weathers  light  gray  to  pinkish  gray; 
cleavage  laminated.  4 

Covered.  2 

Limestone,  very-light-gray  to  light-brownish-gray,  cryptocrystal- 
line to  very  finely  crystalline;  weathers  very  light  gray  to  gray- 
ish pink  and  very  pale  orange;  parting  into  1-  to  8-inch  layers; 
some  fine  color  laminae;  cleavage  laminated.  14 

Dolomite,  light-gray,  very  finely  crystalline;  weathers  very  light 
gray  to  yellowish  gray;  faintly  laminated  in  part;  pinches  and 
swells;  veined  with  quartz.  Yl 

Limestone,  very-light-gray  to  light-brownish-gray,  very  finely 
crystalline;  weathers  very  light  gray  to  light  gray;  cleavage 
laminated.  5 

Covered.  1 

Limestone,  pinkish-gray,  very  finely  crystalline;  weathers  very 

light  gray  to  pinkish  gray;  cleavage  laminated.  1 

Dolomite,  light-gray,  very  finely  crystalline;  shattered,  veined 

with  quartz.  Yl 

Limestone,  very-light-gray  to  grayish-pink,  cryptocrystalline  to 
very  finely  crystalline;  weathers  very  light  gray;  J^-foot  bed  of 
dolomitic  limestone  near  middle.  3 

Dolomite,  very-light-gray  to  light-gray,  cryptocrystalline  to  very 

finely  crystalline;  veined  with  quartz.  Yi 

Limestone,  very-light-gray  to  grayish-pink,  very  finely  crystalline; 

weathers  very  light  gray;  distinct  cleavage  laminae.  1 

Dolomite,  medium-light-gray,  very  finely  crystalline;  shattered; 

veined  with  calcite  and  quartz.  1 

Limestone,  very-light-gray  to  pinkish-gray  to  very-pale-orange, 
very  finely  crystalline;  weathers  very  light  gray  to  pinkish  gray; 
cleavage  laminated.  (iYl 

Dolomite,  calcareous,  very-light  gray  to  pale-orange,  cryptocrystal- 
line to  very  finely  crystalline;  weathers  yellowish  gray;  bou- 
dinage;  veined  with  calcite  and  quartz.  Yl 

Limestone,  very-light-gray  to  very  pale-orange,  very  finely  crystal- 
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line;  weathers  very  light  gray;  cleavage  laminated;  pinches  and 
swells.  1 

Dolomite,  light-gray  to  medium-light-gray,  very  finely  crystalline; 
weathers  yellowish  gray;  finely  laminated;  boudinage;  veined 
with  quartz. 

Limestone,  very-light-gray  to  light-brownish-gray  and  very-pale- 
orange;  cryptocrystalline  to  very  finely  crystalline;  weathers 
very  light  gray;  cleavage  laminated.  4 

Covered.  1 

Limestone,  medium-light-gray  to  medium-dark-gray,  and  finely 
crystalline;  weathers  very  light  gray;  cleavage  laminated; 
pinches  and  swells;  medium-grained  quartz  sand  in  some  beds.  5 

Dolomite,  medium-gray,  very  finely  to  finely  crystalline;  weathers 
light  gray  to  yellowish  gray;  boudinage;  shattered;  veined  with 
calcite  and  quartz.  2 

Limestone,  medium-dark-gray,  very  finely  crystalline;  weathers 
light  gray  to  medium  light  gray;  medium-grained  calcite  sand 
on  weathered  surface;  cleavage  laminated.  1 J4 

Limestone,  very-light-gray  to  very-pale-orange,  very  finely  crystal- 
line; weathers  very  light  gray  to  pinkish  gray;  cleavage  lami- 
nated. 3J4 


The  following  beds  are  adjacent  to  or  in  the  core  (axial  plane)  of 
an  isoclinical  overturned  anticline.  Axial  plane  N75°E,  45°S. 
Stratigraphic  thickness  is  highly  distorted. 

Limestone,  medium-gray,  very  finely  crystalline;  weathers  very 

light  gray;  cleavage  laminated.  1 

Dolomite,  calcareous,  medium-gray,  very  finely  crystalline; 

weathers  very  light  gray;  parting  into  2-  to  4-inch  layers.  1 J4 

Dolomite,  medium-gray  to  medium-dark-gray,  finely  crystalline; 
weathers  yellowish  gray  to  light  gray;  parting  into  4-  to  12-inch 
layers;  few  faint  laminae;  veined  with  calcite  and  quartz.  5 

Section  continued  on  south  flank  of  syncline  which  is  adjacent  to 
the  anticline  described  above. 

Limestone,  medium-light-gray  to  medium-dark-gray,  very  finely 


crystalline;  weathers  very  light  gray  to  light  gray;  cleavage 
laminated;  medium-grained  calcite  sand  on  some  weathered 
surfaces.  12 

Covered.  3^ 

Dolomite,  dark-gray,  very  finely  crystalline;  weathers  yellowish 

gray;  veined  with  calcite  and  quartz.  1 

Limestone,  medium-light-gray  and  medium-dark-gray,  very  finely 
crystalline;  weathers  light  gray  to  medium  light  gray;  cleavage 
laminated.  1 J4 

Dolomite,  medium-gray,  very  finely  crystalline;  weathers  very 
light  gray  to  light  gray;  boudinage;  veined  with  calcite  and 
quartz.  1 

Limestone,  light-gray  and  pinkish-gray,  very  finely  crystalline; 

weathers  very  light  gray  to  pinkish  gray;  cleavage  laminated.  3 

Dolomite,  calcareous,  medium-light-gray,  very  finely  crystalline; 
weathers  very  light  gray  to  light  gray;  some  faint  bedding 
laminae.  1 

Limestone,  light-gray  to  medium-light-gray  and  pinkish-gray  to 
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light-brownish-gray,  very  finely  crystalline;  weathers  very  light 
gray  to  light  gray;  medium-grained  calcite  sand  on  some  weath- 
ered surfaces;  cleavage  laminated.  6 

Dolomite,  medium-light-gray,  very  finely  crystalline;  weathers 

yellowish  gray;  shattered;  veined  with  quartz.  3^ 

Covered.  3 

Limestone,  very-light-gray  to  pinkish-gray,  very  finely  crystalline; 

weathers  very  light  gray  to  pinkish  gray;  cleavage  laminated.  6 

Section  continued  on  the  basis  of  correlation. 

Dolomite,  light-gray,  very  finely  crystalline;  weathers  yellowish 

gray;  finely  laminated;  veined  with  calcite  and  quartz.  33^ 

Limestone,  light-gray  to  light-brownish-gray,  very  finely  crystal- 
line; weathers  very  light  gray  to  light  gray;  cleavage  laminated.  234 

Covered.  2 

Limestone,  very-light-gray  to  pinkish-gray  to  very-pale-orange, 

very  finely  crystalline;  cleavage  laminated.  234 

Dolomite,  light-gray  to  medium-light-gray  and  pinkish-gray  to 
light-brownish  gray,  very  finely  crystalline;  weathers  yellowish 
gray  and  very  pale  orange;  laminated  in  part;  veined  with  cal- 
cite and  quartz.  7 

Traverse  approximately  800  feet  in  S30°W  direction  across  covered 
area.  Stratigraphic  thickness  unknown. 

Limestone,  medium-dark-gray,  very  finely  crystalline;  weathers 

light  gray;  cleavage  laminated.  334 

Covered.  2 

Limestone,  medium-gray  to  medium-dark-gray,  very  finely  crys- 
talline; weathers  very  light  gray  to  light  gray;  cleavage  lami- 
nated. 4 

Covered.  2 

Limestone,  medium-gray  to  medium-dark-gray,  very  finely  crystal- 
line; weathers  light  gray;  cleavage  laminated.  1 

Traverse  100  feet  in  S65°E  direction  across  a covered  area.  Strati- 
graphic thickness  unknown. 

Limestone,  medium-dark-gray,  medium-  to  coarsely  crystalline; 
weathers  earthy;  parting  into  1-  to  7-inch  layers;  some  floating 
rounded  quartz  and  calcite  grains.  234 

Limestone,  medium-gray  to  medium-dark-gray,  finely  crystalline; 
weathers  light  gray  and  medium  gray;  parting  into  34"  to  1-inch 
layers;  bedding  laminae  in  part;  veined  with  calcite  and  quartz.  234 

Covered.  20-25 

Limestone,  medium-gray  to  medium-dark-gray,  very  finely  crys- 
talline; weathers  light  gray;  cleavage  laminated.  34 

Limestone,  medium-dark-gray,  finely  to  very  coarsely  crystalline; 
weathers  light  gray  to  medium  light  gray;  abundant  silty  lami- 
nae up  to  inch  thick;  some  dark  gray  shale  laminae;  cleavage 
laminated;  abundant  fossil  detritus  and  crinoid  stem  plates  in 
some  layers.  4 

Covered.  3 

Limestone,  medium-dark-gray,  very  finely  to  very  coarsely  crystal- 
line; fossil  detritus  and  crinoid  stem  plates.  134 

Covered.  134 

Limestone,  medium-gray  to  medium-dark-gray,  finely  to  coarsely 
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crystalline;  weathers  light  gray  and  medium  light  gray;  cal- 
carenite  containing  abundant  fossil  detritus  and  crinoid  stem 
plates;  veined  with  calcite  and  quartz.  21^ 

Limestone,  medium-dark-gray,  very  finely  crystalline;  weathers 
very  light  gray  to  light  gray;  some  very  fine  anastomosing  dark- 
gray  shale  laminae;  black  carbonaceous  masses;  pinches  and 
swells;  veined  with  calcite  and  quartz.  6 

Dolomite,  medium-gray,  very  finely  to  finely  crystalline;  weathers 

yellowish  gray;  boudinage;  veined  with  calcite  and  quartz.  1 

Limestone,  medium-gray  to  light-brownish-gray,  very  finely  crys- 
talline; weathers  very  light  gray  to  yellowish  gray;  cleavage 
laminated;  platy.  34 

Limestone,  medium-dark-gray,  very  finely  crystalline;  weathers 
very  light  gray;  cleavage  laminated;  abundant  very  coarse- 
grained calcite  sand  on  weathered  surface.  1 

Dolomite,  medium-gray,  cryptocrystalline  to  very  finely  crystal- 
line; weathers  yellowish  gray;  boudinage;  veined  with  calcite 
and  quartz.  34 

Limestone,  light-gray  to  medium-gray,  very  finely  to  finely  crystal- 
line; weathers  very  light  gray  to  light  gray;  cleavage  laminated; 
pinches  and  swells.  1 34 

Dolomite,  medium-gray  to  medium-dark-gray,  very  finely  to  finely 
crystalline;  weathers  yellowish  gray  to  grayish  orange;  veined 
with  calcite  and  quartz.  1 

Covered.  3 

Limestone,  medium-dark-gray,  very  finely  to  finely  crystalline; 

cleavage  laminated.  234 

Limestone,  medium-dark-gray  to  dark-gray,  very  finely  to  finely 
crystalline;  weathers  medium  light  gray  to  medium  gray;  a 23^- 
inch  light  gray  chert  lens  located  2 feet  from  base.  6 34 

Dolomite,  calcareous,  medium-dark-gray,  very  finely  crystalline; 

weathers  yellowish  gray;  shattered.  34 

Limestone,  medium-dark-gray,  very  finely  crystalline;  weathers 
light  gray  to  medium  dark  gray;  color  laminated;  weathers 
earthy  in  upper  34  foot.  2 

Covered.  7 

Dolomite,  medium-gray,  very  finely  crystalline;  shattered;  veined 

with  calcite  and  quartz.  2 

Limestone,  medium-gray  to  dark-gray,  very  finely  crystalline; 
weathers  light  gray  to  medium  light  gray;  upper  34  foot  weath- 
ers very  pale  orange  to  yellowish  gray  and  is  deeply  weathered; 
cleavage  laminated;  pinches  and  swells.  1 34 

Dolomite,  light-olive-gray,  very  finely  crystalline;  weathers  yellow- 
ish gray;  pinches  and  swells;  shattered;  veined  with  calcite  and 
quartz.  134 

Limestone,  medium-dark-gray  to  dark-gray,  very  finely  crystal- 
line; weathers  light  gray  to  medium  light  gray;  yellowish  gray 
weathering  bedding  laminae;  cleavage  laminated;  some  coarse- 
grained calcite  sand  on  weathered  surface;  some  thin  calcite 
veins  parallel  to  cleavage  and  bedding.  734 

Covered.  3 

Limestone,  medium-gray  and  medium-dark-gray,  very  finely  crys- 
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talline;  weathers  light  gray  to  medium  light  gray;  some  yellow- 
ish gray  weathering  bedding  laminae;  cleavage  laminated.  33^ 

Covered.  2 

Limestone,  very-light-gray  to  light-brownish-gray,  very  finely 
crystalline;  weathers  very  light  gray  to  pinkish  gray;  color  lami- 
nated; cleavage  laminated.  1^/2 

Dolomite,  very-pale-orange,  very  finely  crystalline;  color  lami- 
nated. 1 


Section  continued  along  the  edge  of  Little  Chickies  Creek  on  the 
basis  of  correlation. 

Limestone,  light-gray  and  very-light-gray  to  pinkish-gray,  very 
finely  crystalline;  weathers  very  light  gray  to  light  gray  with 
pinkish-gray  laminae;  anastomosing  color  laminae;  cleavage 
laminated;  medium-dark-gray  limestone  in  lower  3 inches;  few 


gray  chert  nodules  in  lower  34  foot.  634 

Dolomite,  medium-dark-gray,  very  finely  crystalline;  weathers 
yellowish  gray;  boudinage;  shattered;  veined  with  calcite  and 
quartz. 

Limestone,  light-gray,  very  finely  crystalline;  weathers  very  light 

gray;  medium-dark-gray  limestone  in  upper  34  foot.  134 

Dolomite,  calcareous,  very-light-gray  to  pinkish-gray,  very  finely 
crystalline;  weathers  yellowish  gray;  boudinage;  shattered; 
veined  with  calcite  and  quartz.  1 

Limestone,  very-light-gray  to  light-gray  to  pinkish  gray,  very 
finely  crystalline;  weathers  very  light  gray  to  light  gray;  cleav- 
age laminated;  pinches  and  swells.  3 

Dolomite,  light-gray  to  pinkish-gray,  very  finely  crystalline;  weath- 
ers yellowish  gray;  parting  into  1-  to  8-inch  layers;  fine-bedding 
laminae  in  part;  shattered;  veined  with  calcite  and  quartz.  8 

Limestone,  very-light-gray,  very  finely  crystalline;  cleavage  lami- 
nated. 1 

Covered.  34 

Dolomite,  medium-gray,  very  finely  crystalline;  weathers  light 

olive  gray;  shattered;  veined  with  calcite  and  quartz.  34 

Limestone,  very-light-gray  to  light-brownish-gray,  very  finely 
crystalline;  weathers  very  light  gray  to  pinkish  gray;  orange 
streaks  in  cleavage  laminae;  veined  with  calcite.  234 


Dolomite,  light-gray  to  pinkish-gray,  cryptocrystalline  to  very 
finely  crystalline;  weathers  very  pale  orange;  some  faint  color 
laminae;  some  limestone  laminae;  cleavage  laminated  and  platy 


in  lower  134  feet;  veined  with  calcite  and  quartz;  gradational 
into  overlying  unit.  3 

Limestone,  very-light-gray  and  light-gray,  very  finely  crystalline; 

few  color  laminae;  cleavage  laminated.  434 

Dolomite,  light-gray  to  medium-light-gray,  cryptocrystalline  to 
very  finely  crystalline;  weathers  light  olive  gray;  veined  with 
calcite  and  quartz.  1 

Limestone,  light-gray  to  medium-gray,  very  finely  crystalline; 

weathers  very  light  gray  to  light  gray;  cleavage  laminated.  434 

Limestone,  dolomitic,  very-pale-orange,  cryptocrystalline  to  very 

finely  crystalline;  cleavage  laminated.  34 

Covered.  4 
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Limestone,  white  to  very-pale-orange  to  pale-yellowish-brown,  very 
finely  crystalline;  weathers  very  light  gray;  some  color  laminae; 
cleavage  laminated;  platy  in  part.  7 

Dolomite,  calcareous,  light-gray  to  pinkish-gray,  cryptocrystal- 
line to  very  finely  crystalline;  weathers  yellowish  gray;  faint 
color  laminae;  pinches  and  swells;  veined  with  calcite  and 
quartz.  34 

Limestone,  very-light-gray  to  light-brownish-gray,  very  finely 
crystalline;  weathers  white  to  very  light  gray;  cleavage  lami- 
nated; orange  streaks  in  cleavage  laminae.  3 

Dolomite,  light-gray,  very  finely  crystalline;  weathers  yellowish 

gray;  color  laminae  in  part.  2 

Limestone,  light-gray  to  pinkish-gray,  very  finely  to  finely  crystal- 
line; cleavage  laminated;  platy  in  lower  34  foot.  134 

Traverse  30  feet  eastward  to  small  quarry. 

Estimated  covered  interval.  10-15 

Limestone,  very-pale-orange,  yellowish-gray,  and  very-light-gray, 
very  finely  to  finely  crystalline;  weathers  light  gray  and  very 
light  gray  to  pinkish  gray;  dolomitic  limestone  in  part;  cleavage 
laminated;  some  orange  streaks  in  cleavage  laminae;  platy  in 
part.  14 

Traverse  340  feet  in  S25°E  direction  across  covered  area.  Strati- 
graphic thickness  unknown. 

Limestone,  very-light-gray  to  light-gray,  very  finely  crystalline; 
weathers  yellowish  gray;  massive;  cleavage  laminated;  orange 
streaks  in  cleavage  laminae.  234 

Limestone,  dolomitic,  very-pale-orange  and  light-gray  to  medium- 
light-gray,  cryptocrystalline  to  very  finely  crystalline;  weathers 
yellowish  gray;  parting  into  34-  to  1-inch  layers;  some  faint 
bedding  laminae.  1 34 

Limestone,  pinkish-gray  to  light-brownish-gray,  very  finely  crystal- 
line; weathers  light  gray  to  medium  light  gray  and  very  pale 
orange;  some  bedding  laminae;  cleavage  laminated;  orange 
streaks  in  cleavage  laminae.  134 

Dolomite,  light-gray  to  medium-light-gray,  very  finely  crystalline; 
weathers  yellowish  gray;  parting  into  6-  to  10-inch  layers;  veined 
with  calcite  and  quartz  3 

Limestone,  very-light-gray  to  light-gray  and  pinkish-gray,  very 
finely  crystalline;  weathers  pinkish  gray  to  very  pale  orange; 
parting  into  34-  to  1-inch  layers;  bedding  laminated;  dolomitic 
limestone  in  part.  1 34 

Limestone,  very-light-gray  to  pinkish-gray,  very  finely  crystalline; 
weathers  very  light  gray  to  light  gray;  cleavage  laminated; 
orange  streaks  in  cleavage  laminae;  pinches  and  swells.  1 

Dolomite,  very-pale-orange,  cryptocrystalline  to  very  finely  crys- 
talline; weathers  yellowish  gray  to  light  gray;  parting  into  4-  to 
6-inch  layers;  fine  bedding  laminae;  veined  with  calcite  and 
quartz.  234 

Limestone,  very-light-gray  to  light-gray,  very  finely  crystalline; 

weathers  very  light  gray  to  light  gray;  cleavage  laminated.  34 

Dolomite,  very-light-gray  to  pinkish-gray,  very  finely  crystalline; 

weathers  light  gray  to  yellowish  gray.  34 
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Limestone,  very-light-gray  to  light-gray,  very  finely  crystalline; 
weathers  very  light  gray  to  light  gray;  cleavage  laminated;  some 
orange  streaks  in  cleavage  laminae;  pinches  and  swells.  1 

Dolomite,  light-gray,  very  finely  crystalline;  weathers  light  gray; 

boudinage;  veined  with  calcite  and  quartz. 

Covered.  3 

Limestone,  very-light-gray  to  light-gray,  very  finely  crystalline; 
weathers  very  light  gray;  cleavage  laminated;  some  orange 
streaks  in  cleavage  laminae;  grades  into  underlying  unit.  2 

Dolomite,  light-gray  to  medium-light-gray,  very  finely  crystalline; 
weathers  light  gray;  parting  into  2-  to  6-inch  layers;  boudinage; 
veined  with  calcite  and  quartz.  2 

Dolomite,  calcareous,  very-light-gray  to  pinkish-gray,  very  finely 
crystalline;  parting  into  Y2-  to  1-inch  layers;  some  bedding 
laminae.  Yi 

Traverse  170  feet  in  S15°E  direction  across  covered  area.  Strati- 
graphic thickness  unknown. 

Limestone,  very-light-gray  to  medium-light-gray,  very  finely  crys- 
talline; weathers  very  light  gray;  finely  laminated.  134 

Limestone,  medium-dark-gray,  very  finely  crystalline;  weathers 
very  light  gray  to  light  gray;  few  dolomite  laminae  in  upper  1 
inch.  1 

Dolomite,  medium-dark-gray,  very  finely  crystalline;  weathers 

light-gray;  finely  laminated;  veined  with  calcite  and  quartz.  134 

Limestone,  light-gray,  very  finely  crystalline;  weathers  very  light 
gray  to  light  gray;  few  stylolotic  laminae;  cleavage  laminated; 
pinches  and  swells.  1 

Dolomite,  medium-gray  and  medium-dark-gray,  very  finely  crys- 
talline; weathers  light  gray;  parting  into  1-  to  9-inch  layers; 
limestone  laminae  in  9 inch  bed  located  1 foot  below  top; 
shattered;  veined  with  calcite  and  quartz.  334 

Limestone,  very-light-gray  to  light-olive-gray,  very  finely  crystal- 
line; weathers  white  to  pinkish  gray;  parting  into  2-  to  7-inch 
layers  in  upper  3 feet;  massive  in  lower  234  feet;  indistinct  cleav- 
age laminae;  pinches  and  swells.  534 

Dolomite,  medium-light-gray  to  medium-gray,  cryptocrystalline 
to  very  finely  crystalline;  weathers  fight  gray;  boudinage;  shat- 
tered; veined  with  calcite  and  quartz.  134 

Limestone,  very-light-gray  to  light-olive-gray  to  light-brownish 
gray  and  medium-dark-gray;  weathers  white  to  medium  light 
gray;  massive;  irregular  cleavage  laminae;  pinches  and  swells; 
some  isoclinal  folding.  6 

Dolomite,  light-gray  to  medium-light-gray,  very  finely  crystalline; 
weathers  light  gray  to  yellowish  gray;  color  laminated  in  part; 
shattered;  veined  with  calcite  and  quartz.  1 

Limestone,  very-light-gray  to  very-pale-orange  to  light-olive-gray, 
very  finely  crystalline;  weathers  white  to  very  light  gray;  cleav- 
age laminated;  coarse-grained  calcite  crystals  on  some  weath- 
ered surfaces.  7 

Break  in  exposure.  Correlation  with  following  units  is  not  known. 

Dolomite,  very-light-gray  to  medium-light-gray,  very  finely  crys- 
talline; weathers  very  light  gray  to  yellowish  gray;  part'ng  into 
4-  to  6-inch  layers;  veined  with  calcite  and  quartz.  134 
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Limestone,  very-1  ght-gray  to  light-gray,  very  finely  crystalline; 

weathers  very  light  gray;  cleavage  laminated.  1 

Dolomite,  light-gray,  very  finely  crystalline;  weathers  very  light 
gray  to  yellowish  gray;  parting  into  Yi-  to  2-inch  layers;  veined 
with  calcite  and  quartz.  1 Yl 

Limestone,  very-light-gray  to  pinkish-gray,  very  finely  crystalline; 

weathers  very  light  gray;  massive;  cleavage  laminated.  2 

Limestone,  medium-light-gray  to  medium-dark-gray,  very  finely 
crystalline;  weathers  very  light  gray;  few  dolomitic  limestone 
laminae;  cleavage  laminated;  coarse-grained  calcite  crystals  on 
some  weathered  surfaces.  8 

Dolomite,  medium-gray,  very  finely  crystalline;  weathers  yellow- 
ish gray  to  light  olive  gray;  parting  into  2-  to  5-inch  layers.  1 Yl 

Section  7 

Section  in  quarry  owned  by  the  Manheim  Borough  Water  Authority  located  0.2  miles 
southwest  of  the  southwest  boundary  of  the  Borough  of  Manheim  or  approximately  at 
40°09'20"  N latitude  and  76°24'15"  W longitude. 

(Measured  by  H.  Meisler) 

Cocalico  Shale 

Shale,  yellowish  gray  to  light  olive  gray 

Feet 

Covered.  5 

Lower  Ordovician 
Beckmantown  Group 
Ontelaunee  Formation 

Dolomite,  medium-light-gray,  cryptocrystalline  to  very  finely 
crystalline;  weathers  very  light  gray  and  very  I ght  gray  to  very 


pale  orange;  massive.  3 

Limestone,  dark-gray,  cryptocrystalline;  weathers  medium  gray.  1 

Dolomite,  medium-light-gray,  cryptocrystalline  to  very  finely 
crystalline;  weathers  very  light  gray;  parting  into  Yl-  to  2-foot 
layers;  faint  very  fine  laminae  in  part.  5 

Limestone,  dark  gray,  cryptocrystalline  to  very  finely  crystalline; 

weathers  medium  light  gray;  very  fine  crenulated  laminae.  1 

Dolomite,  medium-light-gray,  cryptocrystalline  to  very  finely 
crystalline;  weathers  very  light  gray  to  yellowish  gray;  some 
very  fine  laminae.  3J4 

Limestone,  dark-gray,  cryptocrystalline  to  very  finely  crystalline; 
weathers  medium  light  gray;  mottled  with  medium-light-gray 
dolomite.  Yi 

Dolomite,  medium-light  gray,  cryptocrystalline  to  very  finely 
crystalline;  weathers  very  light  gray  and  medium  gray;  parting 
into  10-  to  12-inch  layers;  some  faint  fine  laminae.  3 

Dolomite,  medium-gray  and  medium-dark-gray;  very  finely 
crystalline;  weathers  very  light  gray,  light  gray  and  medium 
gray;  parting  into  1-  to  2-  foot  layers;  few  3-inch  to  1-foot 


layers;  very  finely  laminated  in  part.  27 

Continuation  of  section  in  part  of  quarry  to  the  east. 

Dolomite,  medium-gray  and  medium-dark-gray,  very  finely 
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crystalline;  weathers  light  gray  and  light  gray  to  yellowish 
gray;  parting  into  1-  to  2-foot  layers;  some  faint  laminae.  6 

Limestone,  medium-dark-gray,  cryptocrystalline  to  very  finely 
crystalline;  weathers  light  gray  and  medium  light  gray;  parting 
into  4-inch  to  1-foot  layers;  abundant  dolomite  masses.  2 

Dolomite,  medium-gray  and  medium-dark-gray  to  dark-gray,  very 
finely  crystalline;  parting  into  34-  to  2-foot  layers;  fine  laminae 
in  upper  1 foot.  534 


Total  6234 

Epler  Formation 

Limestone,  medium-dark-gray,  very  finely  crystalline;  34*  to  34- 

inch  shale  laminae  at  top.  134 

Dolomite,  calcareous,  medium-dark-gray,  very  finely  crystalline.  134 

Limestone,  medium-dark-gray  and  medium-dark  gray  to  dark- 
gray,  cryptocrystalline  to  very  finely  crystalline;  parting  into 
34-  to  1 34-foot  layers;  34-foot  bed  of  dark-gray  spotted  limestone 
located  1 foot  below  top.  3 

Dolomite,  calcareous,  medium-gray  and  medium-dark-gray, 
cryptocrystalline  to  very  finely  crystalline;  weathers  yellowish 
gray  to  light  olive  gray;  parting  into  8-  to  18-inch  layers;  finely 
laminated.  3 

Limestone  and  interlaminated  dolomitic  limestone,  medium-gray 
and  medium-dark-gray,  crytpocrystalline  to  very  finely  crystal- 
line; weathers  medium  light  gray  and  yellowish  gray.  1 

Dolomite,  medium-gray  and  medium-dark-gray,  cryptocrystailline 
to  very  finely  crystalline;  weathers  yellowish  gray  to  grayish 
orange.  1 

Limestone,  medium-dark-gray  and  medium-dark-gray  to  dark- 
gray,  cryptocrystalline  to  very  finely  crystalline;  weathers 
medium  light  gray;  very  fine  cleavage  laminae;  some  fine 
dolomitic  limestone  laminae.  4 

Limestone,  medium-dark-gray  and  dark-gray,  cryptocrystalline 

to  very  finely  crystalline;  massive.  234 

Limestone,  medium-dark-gray  to  dark-gray,  cryptocrystalline  to 

very  finely  crystalline;  parting  into  4-inch  layers.  1 

Limestone,  medium-dark-gray,  very  finely  crystalline.  1 34 

Dolomite,  medium-gray  and  medium-dark-gray,  very  finely  crys- 
talline. 1 

Limestone,  medium-dark-gray,  very  finely  crystalline.  234 


Total  2334 

Section  8 

Section  in  quarry  along  Hammer  Creek  1.5  miles  south  southeast  of  Brickerville  am 
2.2  miles  southwest  of  Clay,  Pennsylvania  or  approximately  at  40°12'15"  N latitude  am 
76°17'35"  W longitude. 

(Measured  by  H.  Meisler) 

Middle  Ordovician 
Annville  Formation 


Limestone,  medium-dark-gray  to  dark-gray  and  dark-gray,  very 
finely  crystalline;  weathers  light  gray  to  medium  gray  and  light 
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olive  gray  to  medium  gray;  parting  into  1-  to  2^  ^-foot  layers; 
upper  Yl  foot  laminated.  6 

Limestone,  light-gray,  medium-gray,  and  medium-dark-gray,  very 
finely  crystalline;  weathers  light  gray  to  medium  gray;  massive; 
well  laminated;  some  light  gray  disrupted  laminae  up  to  inch 
thick;  laminae  weather  out  into  ribs  in  upper  2 feet.  6 

Limestone,  light-gray,  medium-gray,  and  medium-dark-gray,  very 
finely  crystalline;  weathers  light  gray  to  medium  gray;  parting  into 
13^-  to  5-inch  layers;  well  laminated;  beds  bent  into  tight  isoclinal 
folds.  6-8 

Limestone,  light-gray,  medium-gray,  and  medium-dark-gray,  very 
finely  crystalline;  weathers  light  gray  and  medium  light  gray; 
indistinct  parting  into  7-  to  10-inch  layers;  laminated  in  part; 
folded.  5-7 

Limestone,  medium-dark-gray  and  medium-dark-gray  to  dark-gray, 
very  finely  crystalline;  weathers  medium  light  gray  and  medium 
gray;  massive;  fine  cleavage  laminae;  laminae  weather  into  ribs 
on  some  beds;  moderately  folded;  calcite  veins.  11 

Limestone,  medium-dark-gray,  very  finely  crystalline;  weathers 
medium  light  gray  and  medium  gray;  parting  into  2-  to  7-inch 
layers;  laminated;  laminae  weather  fluted  or  ribbed  on  some  beds; 
silty  laminae  up  to  34  inch  thick  in  upper  34  foot;  moderately 
folded.  11 

Limestone,  light-gray,  medium-light-gray,  and  medium-dark-gray, 
very  finely  crystalline;  weathers  very  light  gray  to  very  pale  orange 
and  light  gray;  parting  into  2-  to  14-inch  layers;  fine  laminae  in  a 
few  beds.  634 

Limestone,  light-gray,  medium-gray,  and  medium-dark-gray,  very 
finely  crystalline;  weathers  light  gray,  medium  gray  and  very  light 
gray  to  pale  orange;  massive;  laminated;  fluted  and  ribbed  on 
some  weathered  surfaces;  solution  opening  2 feet  in  diameter.  6 


Total 


5734  to  6134 


Section  9 

Section  located  along  Hammer  Creek  1.7  miles  southwest  of  Clay  and  1.0  mile  north- 
east of  Brunnerville,  Pennsylvania  or  approximately  at  40°11'50"  N latitude  and  76°16' 
30"  W longitude.  The  entire  stratigraphic  sequence  is  overturned. 

(Measured  by  H.  Meisler) 

Ordovician 

Myerstown  Formation 

Feet 

Limestone,  medium-dark-gray  to  dark-gray,  and  dark-gray,  very 
finely  crystalline  and  finely  crystalline;  parting  into  34-  to  234- 
inch  layers;  platy.  3 

Limestone,  medium-dcirk-gray  and  dark-gray,  finely  to  medium 
crystalline,  medium  crystalline,  and  medium  to  coarsely  crystal- 
line; weathers  medium  light  gray;  parting  into  34-  to  3-inch  layers; 
platy;  few  crinoid  stem  plates.  534 

Limestone,  medium-dark-gray  and  dark-gray,  coarsely  crystalline; 

weathers  medium  gray;  parting  into  1-  to  3-inch  layers.  1 
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Covered.  1 

Limestone,  medium-dark-gray,  medium  crystalline;  parting  into  1- 

to  6-inch  layers.  1 

Limestone,  medium-dark-gray  to  dark-gray,  very  finely  crystalline; 
platy  to  shaly. 

Limestone,  medium-dark-gray,  very  finely  to  finely  crystalline; 

parting  into  2-  to  5-inch  layers.  1 

Limestone,  medium-dark-gray  to  dark-gray,  very  finely  to  finely 

crystalline;  parting  into  1^-  to  2-inch  layers;  shaly  and  platy.  1 

Limestone,  medium-dark-gray  and  medium-dark-gray  to  dark  gray, 
finely  to  medium  crystalline,  medium  to  coarsely  crystalline  and 
very  coarsely  crystalline;  parting  into  1-  to  3-inch  layers;  platy; 
abundant  fossil  detritus  and  crinoid  stem  plates.  24 

Covered.  4 

Limestone,  shaly,  medium-gray,  very  finely  crystalline;  weathers 
medium  gray;  parting  into  to  1-inch  layers;  lower  4 inches 
finely  laminated.  33^ 

Limestone,  shaly,  medium-light-gray  and  medium-gray,  very  finely 
crystalline;  weathers  medium  gray;  parting  into  34-  to  }/2-inch 
layers.  234 


Total  5034 

Covered.  434 

Middle  Ordovician 
Annville  Formation 

Limestone,  medium-gray  and  medium-dark-gray  to  dark  gray,  very 
finely  crystalline;  weathers  medium  light  gray  and  medium  gray; 
parting  into  34-  to  2-inch  layers. 
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Table  10.  Record  of  springs 

Use:  C,  commercial;  D,  domestic;  Irr,  irrigation;  Ps,  public  supply;  S,  stock;  U,  unused. 
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Table  11.  Chemical  analyses  of  ground  water  in  the  Lancaster  quadrangle 

(Results  in  parts  per  millions  except  as  indicated) 
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Table  11.  Chemical  analyses  of  ground  water  in  the  Lancaster  quadrangle — Continued 

(Results  in  parts  per  millions  except  as  indicated) 
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